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—STRACT 
ADULT ACTIVITY AND HOST PLANT UTILIZATION IN CRANBERRY 
FRUIT WORM, A CROBASIS VA CCINII RILEY 
(LEPIDOPTERA: PYRALIDAE) 
FEBRUARY 2005 
NAGENDRA R. SHARMA, M.S., TRIBHUVAN UNIVERSITY 
M.S., UNIVERSITY OF PHILIPPINES, LOS BANOS 
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST 
Directed by: Professor Anne L. Averill 
The cranberry fruitworm, Acrobasis vaccinii Riley (Lepidoptera: Pyralidae), is 
a serious pest of cranberry (Vaccinium macrocarpon Ait.). Reported hosts also 
include highbush blueberry (Vaccinium corymbosum L.), lowbush sweet blueberry 
(Vaccinium augustifolium Ait.), and black huckleberry [(Gaylussacia baccata 
(Wang.) K. Koch], all of which grow in the woodlands (called uplands) surrounding 
Massachusetts bogs. Since a thorough understanding of movement patterns of a pest 
species within and between host habitats is crucial for the implementation of a 
successful management program, moth movement was studied in time and space 
through trapping of wild and mark-released moths. The results, reported in Chapters 
I and II, demonstrate that the moth is very mobile and that large flights occur in both 
cultivated bogs and their surrounding uplands. Trap studies also showed a significant 
effect of trap height on the number of moths captured. Moths were active later at 
night in the upland, and males, in particular, were active in the trees, which suggested 
vi 
adoption of a “hilltopping” strategy to enhance their chances of mate finding. In field 
and lab studies reported in Chapter III, the periodicities of emergence, mating, and 
oviposition were recorded, and the data suggest that it is advantageous for females to 
delay mating when conditions are favorable for oviposition. Females were 
polyandrous, and assessment of spermatophore age in females suggested that mating 
may occur more frequently in the upland compared to the bog. Studies reported in 
Chapter IV showed that moth activity and infestation occurred earlier in both 
blueberry plantings and in the uplands than cranberry. The large numbers of moths 
captured in the uplands did not appear to originate from larvae developing in the 
uplands, since infestation of wild berries could not be corroborated. A study of host 
preference and performance in four different hosts (cultivated cranberry and 
blueberry, wild blueberry and huckleberry) is reported in Chapter V. Huckleberry 
was the least preferred for oviposition, and both of the cultivated berries were more 
suitable for larval development when compared to the wild hosts. The relationship 
between preference ranking and performance was positive. Implications of these 
findings are discussed. 
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CHAPTER I 
FLIGHT ACTIVITY OF CRANBERRY FRUIT WORM (ACROBASIS 
VACCINU) WITHIN AND BETWEEN HOST HABITATS 
Abstract 
The cranberry ffuitworm, Acrobasis vaccinii Riley (Lepidoptera: Pyralidae), is 
among the most serious pests of cranberry (Vaccinium macrocarpon Ait.) and 
highbush blueberry (Vaccinium corymbosum L.) in southeastern Massachusetts. 
Lowbush blueberries (Vaccinium augustifolium Ait.) and black huckleberries 
[Gaylussacia baccata (Wang.) K. Koch] are also reported hosts and are found in 
uplands adjacent to the bogs. Insect movement within and between a cultivated 
system and surrounding areas may impact resistance management and integrated pest 
management approaches, such as mating disruption or location of monitoring traps. 
Results of trapping studies to determine A. vaccinii movement patterns are reported. 
To determine vertical distribution of flight, traps were deployed at different heights in 
the bog and surrounding uplands. Captures showed a significant effect of trap height, 
with larger numbers caught at 1.0 and 0.5 m than at vine level or 1.5 m. However, 
this difference was significant only during the peak flight period (July), and not when 
moth numbers were low (June and August). When traps were placed 1- 6 m high in 
the bog and in woodland trees, on the bog, close to 80% of captures were recorded in 
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the 1 m height traps, while in the woodlands, 94% of all captures were recorded in 
traps at 6 m. Traps placed at 6 m in the bog caught no moths. Horizontal distribution 
of moth activity was assessed by placing traps in the bog, at the periphery of the 
woods, and in the woods. Moth capture was highest in the woods, followed by that in 
bog, and the lowest number was recorded at the periphery of the woods. The studies 
suggested that A. vaccinii moth flight occurs throughout cranberry bogs and the 
associated upland habitats. Implications of these findings on the management of A. 
vaccinii are discussed. 
Introduction 
Research on the movement of a pest species within and between host habitats 
may provide information toward the implementation of a successful management 
program for that species. For example, insect movement patterns between a 
cultivated system and surrounding areas may impact resistance management and 
integrated pest management approaches, such as mating disruption (Dorn et al. 1999) 
or location of monitoring traps. Further, movement patterns may contribute to 
patterns of crop damage (Kareiva 1986). However, owing to their nocturnal habits, 
small size, and speed of movement, for most moths, there is very little direct 
information on their relative mobility or range of flight (Woiwod and Stewart 1990). 
The cranberry ecosystem in Massachusetts is unique in that it may be 
surrounded by ditches, meadows, marshes, ponds, shrublands, and hardwood forests. 
Many common plants in the upland habitat include pitch pine (Pinus rigida), eastern 
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red cedar (Juniperus virginiana), sandburs (Cenchrus longispinus), quaking aspen 
(Populus tremuloides), black oak (Quercus velutina), beach plum (.Prunus serotina), 
wild black cherry (Prunus serotina), salt-spray rose (Rosa rugosa), American holly 
(Ilex opaca), coastal basswood (Tilia neglecta), American beech (.Fagus grandifolia), 
yellow birch (Betula alleganiensis), black birch (Betula lento), and bearberry 
(Arctostaphylos uva-ursi), and low moist areas may also contain rushes (Juncus spp.), 
winterberry (Ilex verticillata), red maple (Acer rubrum), black gum (Nyssa 
sylvatica), and a variety of ferns (Stuckey and Gould 2001, Nantucket Conservation 
Foundation 2002, Woods Hole Research Center 2004). Other plants include a variety 
of shrubs such as bayberry, scrub oak, and arrowwood that are often entangled with 
vines of common greenbrier, fox grape, and poison ivy (Toxicodendron radicans) 
(Woods Hole Research Center 2002). Sweet pepperbrush (Clethra alnifolia), azalea 
(Rhododendron spp.), and sheep laurel occur in wetter soils and produce fragrant 
flowers in the spring and summer that are visited by many species of insects 
(MacKenzie and Averill 1995, Stuckey and Gould 2001, Woods Hole Research 
Center 2002). Other plants found in the understory of trees include many wild 
highbush and lowbush blueberries (Vaccinium augustifolium, V palladium, V 
corymbosum) and huckleberries [(Gaylussacia baccata (Wang.) K. Koch] (Trehane 
2004). 
In northeastern U.S.A., the cranberry fruitworm, Acrobasis vaccinii Riley 
(Lepidoptera: Pyralidae), is among the most serious pests of cranberry (Vaccinium 
macrocarpon Ait.) (Averill and Sylvia 1998) and highbush blueberry (Vaccinium 
corymbosum L.) (Pritts and Hancock 1992). Wild hosts in the upland adjacent to 
3 
Massachusetts bogs, such as lowbush blueberries (Vaccinium augustifolium Ait.) and 
black huckleberries [Gaylussacia haccata (Wang.) K. Koch] are also reported to be 
hosts (Franklin 1948). Extensive sampling of these wild berries over the entire 
fruiting season showed a single spike of egg-laying in mid June (1-2.5 % of berries 
contained viable eggs) (Averill, unpublished data), ca. one month prior to peak egg- 
laying in cultivated cranberry. The species is univoltine. Larvae feed inside 
developing fruit and the final instar diapauses within a silken hibemaculum in the 
soil. In southeastern Massachusetts, the earliest emergence of adults occurs in late 
May in sites with wild Vaccinium hosts and moths are caught into September. In 
cranberry, onset of flight occurs in mid June with peak flight observed in late June 
into very early July. 
Evidence suggests that the adults may be very mobile. Because of high trap 
captures in the edge of woodlands surrounding blueberry fields, Sarzynski and Liburd 
(2004) concluded that males may move from cultivated sites to these wild sites. 
Franklin (1948) observed that new cranberry beds in Massachusetts constructed in 
isolated locations quickly became infested with cranberry fruitworm. It is possible 
that moths move extensively among cultivated bogs or are invading from wild 
reservoirs. 
Reports also suggest that, within cranberry beds, A. vaccinii may favor a high 
flight relative to the vine surface. Tomlinson (1970a) compared moth captures in 
light traps placed in commercial cranberry beds at either 90 cm or at vine level. He 
found that while the lower trap captured about twice as many Chrysoteuchia topiaria 
(Zeller) and Sparganothis sulfureana (F.), two other key pest species, the trend was 
4 
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reversed for A. vaccinii; here, there was a 20 % greater catch in the higher trap. In 
host habitats of greater structural complexity, vertical distribution of A. vaccinii may 
vary based on canopy height. In highbush blueberry, Sarzynski and Liburd (2004) 
reported that winged traps baited with synthetic pheromone captured significantly 
more males when placed at higher points in the bush canopy than at lower points. 
Further, traps placed 4.5 m high in trees within the woodlands surrounding the 
blueberry field captured six and two times more males than traps placed at 20 cm or 
1.5 m, respectively, above ground level. 
For cranberry, little published information is available regarding A vaccinii’s 
horizontal and vertical distribution within the bog and surrounding areas, nor is there 
documentation of movement of moths between cultivated beds and surrounding wild 
habitats. On a practical level, basic protocols regarding the best height and location 
to deploy sex pheromone baited traps in a cranberry monitoring program are lacking. 
The aim of this study was to determine (1) the moth’s response to pheromone traps 
placed at different heights within the bog, (2) to determine the effect of trap location 
within the bog and in the adjacent uplands, and (3) to understand the nature and 
extent of moth movement between the bog and adjacent habitats by using mark- 
release-recapture techniques and by monitoring catches on passive Plexiglas traps 
placed between the bog and adjacent habitat. 
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Materials and Methods 
All studies were conducted in commercial cranberry beds and their 
surroundings in Wareham, MA (41° 75’ N - 41 0 90’ N latitude, and 700 6’ W - 700 
8’ W longitude). 
Male captures at different trap heights 
Two trap height studies were conducted. The first compared male captures in 
traps placed 0 to 1.5 m above the vines of cranberry bogs. It was conducted in four 
commercial cranberry bogs - Sandusky, Bergman, Marshbog T180, and Marshbog 
T174. All bogs were in production, with the exception of Marshbog T180, which 
received no pesticide treatments. White cardboard winged traps (Pherocon®) (Trece 
Inc., Adair, OK) were baited with a septum treated with a 300 mg blend of {E,Z)~8, 
10-pentadecadien-l-ol and (Zs)-9-pentaceden-l-ol acetate (100:4) (McDonough et al. 
1994) provided by Dr. L. McDonough (USDA, Yakima). On each of the four bogs, 
traps were placed at four heights: at vine level (7-15 cm above vines) and at 0.5, 1, 
and 1.5 m above the vines. Traps were placed diagonally across the center of the bog, 
each at least 20 m from another trap, and at least 15 m away from the nearest edge of 
the bog. To minimize error due to trap location, traps were randomly deployed at the 
beginning of the experiment and were systematically moved to the next nearest 
position on each observation day. Each trap was hung individually from a metal 
bracket that was mounted on a 2 m high wooden pole. On each pole, there were four 
brackets at each of the desired trap heights. Traps were set up at Sandusky and 
Bergman on 3 June and at Marshbog T180 and T174 on 10 June 1996. Traps were 
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cleaned and the number of males was recorded twice a week until the end of August. 
Pheromone lures were replaced every four weeks. 
The second trap height study compared male captures in traps placed 0 to 6 m 
above the vines of cranberry bogs and in the trees surrounding the bog. Four sets, 
each of three pheromone traps (described above), were set up on 1 July at State Bog 
in Wareham, MA. Traps were hung at three different heights, 1, 3, or 6 m, on a 
galvanized-iron pole. Four such poles were positioned, diagonally across the bog, 80 
m apart and at least 10 m from the nearest upland. Each trap was fixed at the 
respective level on the pole with a rope pulley. In addition, four sets of traps were 
deployed at 1,3, and 6 m heights in upland trees located 50 m into the woods 
surrounding the bog. Two sets were set up on the north and the other two on the 
south sides of the bog. The traps were at least 50 m apart. 
Male captures at different trap locations 
The study was conducted at Big Tihonet, which is an isolated, small bog (70 
x 160 m) surrounded on all sides by woodlands with an understory of abundant wild 
blueberries, V. augustifolium. In the border between the bog and the upland, there 
were drainage ditches and a dirt road (ca. 10-15 m wide) surrounding the bog (Fig. 
1.1). 
On 26 June, three sets of four pheromone traps each were deployed at three 
locations: 1) at the four-comers of the bog, 2) in the periphery of the woods, and 3) in 
the woods. The first set was placed 0.50 m above the vines, 3 m from the ditch, and at 
each cardinal direction (West, South, East, and North) of the bog and at a distance of 
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34, 79, 34 and 79 m, respectively, from the bog center. The second set of traps was 
placed 1.5 m above the ground in the outer 3 to 10 m edge of the surrounding woods; 
these were at least 20 m away from the bog. The third set was hung 4 m up in trees, 
20 m into the upland woods, and 77 to 144 m from the center of the bog. Males 
captured in each trap were recorded daily for two weeks. 
Mark-release-recapture studies 
General methods. Newly-emerged moths, originating from hibemacula 
collected the previous fall, were divided by sex, and provided 10% honey solution 
and distilled water until release. For marking prior to release, 0.2 ml of fluorescent 
colored powder (DayGlo®) (Day-Glo Color Corp. 4515 St. Clair Avenue, Cleveland, 
OH 44103) was blown into the bottom of a plastic cup in a fine mist through a 
pinhole. Males and females were marked with different colors. Moths were released 
before dusk (1600-1700 h) by gently shaking the cage and only those moths that 
could fly away upon prodding were counted as released. 
Moths were recaptured in pheromone traps, as described above, or in light 
traps (12V 8W UV) (Ward’s Natural Science Est., P.O. Box 92912, Rochester, NY 
14692). Each light trap was powered by a heavy-duty 12 V car battery. A few drops 
of ethyl acetate on foam and a strip of insecticide (DDVP ®) (Amvac Chemical 
Corporation, 2110 Davie Avenue, Commerce, CA) were added to the light trap to kill 
the moths. Wild moth captures in the light traps were also recorded. 
8 
Movement of marked moths between bog and upland. Three mark-recapture 
experiments were conducted at Big Tihonet bog, described above. (1) Movement of 
marked males from the bog to the upland: Three sets of pheromone traps were placed 
in the bog, woods periphery, and in the woods, as described above under “Male 
captures at different trap locations.” A total of 433 males was released on 26 June at 
the center of the bog. Moths captured in each trap were recorded daily for two weeks. 
(2) Movement of marked females from the bog to the upland: Four light traps, 
described above, were placed in the woods, each located at the base of trees 50 m into 
the woods. A total of 351 female moths was released on 2 July in the center of the 
bog and the number of recaptured females was recorded daily for two weeks. (3) 
HovemeM of males and females from the bog to the upland foliowing simiMneous 
release: Marked cohorts of 256 males and 345 females were released in the center of 
the bog on 10 July and the numbers recaptured in the light traps deployed in the 
woods, as described above, were recorded daily for one week. 
Movement of marked moths between the upland and cranberry bog. Two 
mark-recapture experiments were conducted at State Bog (University MA, Cranberry 
Station). Moth origin and marking methods are described above. (1) Movement of 
mats and Armies, released simultaneously, butBdifferell upland sites: Fourlfiht 
traps were placed, one each, in the North, South, East and West edges of the bog, 3 m 
from the ditch bordering the bog. A fifth light trap was placed at the center of the bog 
(Fig. 1.2). A total of 337 males and 347 females was released; the males were 
released on the northern side of the bog, which at this bog site, is generally a 
downwind location, while the females were released in the southern side, generally 
upwind. They were released 50 m inside the woods on three separate dates: 15, 16, 
and 24 July. Trap catches were recorded daily for a week after release. (2) 
Movemyt of males ail females relJsed simultaneously at frt saiie site:^B:ota1 of 
395 males and 437 females was released 50 m into the woods on the northern bog 
side on various dates from 5 to 12 August. All trap catches were recorded daily until 
21 August. 
Wild moth captures on Plexiglas panels 
To evaluate movement of wild moths between the bog and the upland, eight 
Plexiglas panels (1 x 1.2 m), coated with adhesive, (Tangletrap®) were set up, four 
each, in two bogs (Hoppy and Bergman). In the first week of June, traps were placed 
at the border between the bog and the woods at each of two sites per bog. When 
erected, each trap was approx. 1.2 m above the ground. A 0.3 m gap was maintained 
between the ground and the trap bottom so that the trap was not obstructed by foliage. 
The traps were observed and cleaned twice a week from 10 June to 17 August and the 
number of moths was recorded. The moths trapped on the surface facing the bog are 
tentatively regarded as those moving out of the bog and those trapped on the side 
facing the woods are regarded as moving from the upland to the bog. 
Data analyses 
In the first trap height study, data for captures at the different heights in four 
bogs were calculated as number of moths captured per trap per night, and were 
statistically analyzed by a 3-way Analysis of Variance (ANOVA) with trap heights, 
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bog locations, and observation days as main effects using the mixed procedure (MIX 
PROC) in SAS version 9.1 (SAS Institute, Inc., Cary, NC). Since the data showed 
differences in trap capture during the course of study, the recorded data were broken 
into three different periods - onset of flight (June), peak flight (July) and late flight 
(August), and analyzed separately as above. Type 3 tests of fixed effects were 
performed on the data and orthogonal polynomial contrasts were found using SAS as 
above. The mean number of total moths captured at different heights in four bogs and 
standard errors of means were calculated. 
In the second trap height study, males counts in traps at 1, 3 and 6 m heights 
in the bog and upland were converted to number captured per night and analyzed by a 
3-way ANOVA with trap height, time, and observation days as main effects using the 
General analysis of variance and analysis of co-variance (GAOV/AOCV) procedure 
in Statistix (Analytical Software 1996). Means were separated using Tukey’s 
Studentized Range (HSD) test (P<0.05). 
Data for the wild population of moths captured at different locations in the 
bog and the upland were statistically analyzed using one-way ANOVA in Statistix 
(P< 0.05). Homogeneity of variance was tested using Bartlett’s test and the data were 
sqrt (x+1) - transformed before analysis to reduce heterogeneity. The data for the wild 
moths captured in the bog and the upland were further analyzed to determine whether 
they were correlated. Data for the mark-recapture tests and the Plexiglas trap study 
were not statistically analyzed, as the numbers were too low to perform ANOVA. 
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Results 
Male captures at different trap heights 
In the first trap height study with winged pheromone traps, where levels 
ranged from 7 cm-1.5 m, there was a significant effect of the height treatment on the 
number of moths captured (F= 6.61; df= 3; P<0.01) (Tables 1.1 and 1.2). Male 
captures were most abundant at the middle heights (1.0 and 0.5 m) traps, and fewer 
moths were caught in the trap placed at vine level than in the 1.0 and 0.5 m high 
traps. The orthogonal polynomial contrasts performed on the data showed that moths’ 
response to trap height was quadratic (F= 15.61; P<0.01), rather than linear (F=4.20; 
P=0.07) or cubic (F=0.01; P=0.92) over the entire season (Table 1.2). 
The mean number of moths captured at different bogs was highest (465) at 
Marshbog T174, followed by Sandusky (325) and Marshbog T180 (305). The least 
number of moths was captured at Bergman (161). 
The interaction of height and bog was significant over the season (F=1.65; 
df=57; PO.01). When the data were broken down and analyzed separately for 
different flight periods (Table 1.2), there was no significant difference among height 
treatments when moth numbers were low (June and August) (F=l.80; df=3; P=0.21, 
and F=1.18; df=3; P=0.37, respectively) although numerically, the highest number of 
moths was captured in 0.5-1.0 m high traps and the lowest at vine level. The 
orthogonal polynomial contrast study showed that the moth’s response to heights was 
not significantly different during June and August (P>0.5) (Table 1.2). During the 
peak flight in July, however, there was a significant effect of the height treatment 
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(F=7.58; df=3; P<0.001). The moth’s response was best described as quadratic 
(F=1.37; P<0.01) and was not linear or cubic (F=3.76; P=0.08; and F=0.79; P=0.40, 
respectively) and the response was highest to traps placed at intermediate level. 
Captures in the 0.5 m and 1.0 m high traps were higher than those in traps set at vine 
level (Tables 1.1 and 1.2). 
In the second trap height study (Table 1.3), where trap levels ranged from 1- 6 
m high in the bog and woodland trees, moth captures varied significantly with height 
(F=l 1.78; df=4; P< 0.001). On the bog, close to 80% of all captures were made in the 
1 m traps and in the woodlands, 94% of all captures was made in traps at 6 m. Traps 
at 6 m in the bog caught no moths. 
Male captures at different trap locations 
Numbers of wild moths captured in traps placed in the bog or at upland sites 
were not significantly different (F=l. 10; df= 2; P=.37). However, the number (mean 
± SE) of moths captured was highest in the woods traps (56.25 ± 16.69), followed by 
that in bog traps (44.50 ± 12.78); the lowest number was recorded for traps at the 
periphery of the woods (28.25 ± 9.50). 
After the bog was sprayed with insecticide on 8 July, captures declined to zero 
in both the bog and woods periphery traps (Fig. 1.3). In contrast, moths continued to 
be trapped in the trees after this point. The relationship between bog captures and 
woods captures was higher (r=0.87; P<0.01) than that between the bog and periphery 
captures (r=0.64; P=0.08) or the woods and periphery captures (r=0.64; P=0.08). 
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Movement of marked moths between the bog and upland 
When 433 males were released in the bog, 13 (3.0 %) were recaptured. The 
majority (9/13) was caught within 48 h (Table 1.4). Nearly 70 % of recaptured moths 
were collected from traps at the upland locations, and most of these were caught in 
traps, 77- 144 m from the release site and 4 m up in pine trees. A lower percentage 
(15 %) of the total recaptured moths was found in the traps deployed at the edge of 
the woods. 
When females were released alone, of 351 moths, 5 (1.4%) were recaptured in 
three different light traps in the woods, with no capture in the fourth trap (data not 
shown). A female moth was recaptured after 24 h in the trees, 144 m away from the 
release site in the bog. One was recaptured after 48 h in the trap 77 m from the 
release site, and one and two more were recaptured after 72 h in the traps that were 
119 and 144 m, respectively, from the release site. No moths were captured on the 
fourth day and the trapping was discontinued. 
When cohorts of marked males and females were released together, 12 moths 
were recaptured in light traps in the woods with five times more males (3.9 %) than 
females (0.6%) collected (Table 1.5). Five of the ten recaptured males were collected 
within 24 h. 
This experiment had to be abandoned after five days owing to the arrival of 
Hurricane Bertha. 
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Movement of marked moths between the upland and the bog 
When males and females were released at different sites in the upland, none of 
the 347 females was recaptured in light traps positioned on the bog. Of the 337 males 
released in the upland area north of the bog, 13 (4.2%) were trapped in the light traps 
set on the bog (Table 1.6 (A)). In addition, 7 males (2 on the bog and 5 in an adjacent 
blueberry field) were found in pheromone traps on the western side of the bog for 
another experiment, making a total of 20 (5.9%) recaptured individuals. A single 
male released on 24 July was recaptured in the trap placed across the 28 ha bog (in 
the southern border) within 24 h. Although some males were captured on the western 
and eastern edges, the majority (55% or 11/20) was recaptured in the trap closest to 
the release site. No moths were recaptured in the center of the bog. 
When both males and females were released at the same upland site, 14 males 
(3.5%) were recaptured in light traps placed in the bog (Table 1.6 (B)). As in the 
previous release, two more were found in pheromone traps in the bog and seven in the 
blueberry field on the western side adjacent to the bog. Thus, a total of 23 males 
(5.8%) (16 in the bog, 7 in the upland) was recaptured. Half of the males recaptured 
in the bog was found in the light trap closest to the release site. Out of 437 females 
released, only a single one was recaptured in the trap closest to the release site within 
48 h. As in the previous experiment, none of the released moths were recaptured in 
the center of the bog. However, males were recaptured in all of the light traps 
positioned on the bog margin with the exception of the south-side trap, which was 
opposite the release site. 
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Wild moth captures on Plexiglas panels 
Initial moth captures on both sides of the Plexiglas traps occurred on 20-24 
June when the bog was 54% in bloom. Captures were recorded until 8 August. Peak 
captures occurred from 20 June to 18 July. Although only a low number of moths 
(28) was recorded in the 8 traps on the two bogs over a period of ca. 70 days, nearly 
four times as many moths (22) were captured on the side facing the woods vs. the 
side facing the bog. 
Discussion 
Taken together, the mark-recapture, the trap location, and the Plexiglas panel 
studies suggest that A. vaccinii moth flight occurs throughout cranberry bogs and the 
associated upland habitats. This finding is consistent with a study similar to ours that 
monitored A. vaccinii flight in highbush blueberry fields and environs in Michigan. 
Here, Sarzynkski and Liburd (2004) reported substantial male captures in pheromone 
traps placed at a woodland boundary and within a woodland abutting a commercial 
blueberry field. Because there were no hosts in the woodland, they concluded that 
males were moving between the blueberry plantings and adjacent woodlands. 
Female flight was not monitored. Although there is a population supported on wild 
Vaccinium hosts, we believe that in cranberry and the surrounding woodlands, we 
have evidence that both sexes are moving among cultivated and wild habitats. This is 
best supported by the mark-release studies, which showed that both male and female 
moths released on the bog flew a considerable distance into the woods within 24 h 
and were recaptured in traps placed high in trees. Similarly, moths released in the 
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upland moved into the bog. Finally, although the numbers are low, the passive 
interception (Plexiglas) traps showed that moths were captured on both sides of the 
trap when they were set in the space interfacing the bog and the upland. 
In general, movement may be the result of foraging for resources (e.g. 
oviposition sites, mates, food, refugia), species interactions, or to meet a range of 
other resource requirements. As summarized by Burel et al. (2000), each type of 
movement will depend on the landscape structure and the movement patterns 
involved. In the A. vaccinii system, movement to mating sites may be one factor 
underlying flights between the bog and uplands. The fact that cranberry fruit worm 
moths were captured high in upland trees in both our study and that of Sarzynkski and 
Liburd (2004) suggests that, similar to some other insect species, particularly many 
Lepidoptera (Sims 1979), cranberry fruitworm is engaging in “hilltopping.” Here, 
males move to the highest points within habitats and patrol them in search of females, 
who have also aggregated at these elevated points (Thornhill and Alcock 1983). Such 
behavior may serve to bring together scattered individuals to closer proximity. The 
dynamics of movement to mating sites have been intensively studied for another 
pyralid, Ostrinia nubilalis (Hubner), the European com borer (Showers et al. 2001; 
Hunt et al 2001). Here, adults leave crop fields and aggregate at mating sites in 
surrounding habitats with favorable microclimate, such as moist grassy areas or 
irrigated crops. 
It is not known if A. vaccinii feed as adults. However, newly-emerged moths 
in the laboratory die within a few days if provided only water, but live for up to two 
weeks if a sugar solution is provided (A.L. Averill, personal communication). 
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Perhaps moths are foraging for food in the woodlands given that the acidic habitats 
where blueberry and cranberry grow typically have few flowering plants, other than 
cranberry or blueberry, at the time of ffuitworm activity. Neither of these Vaccinium 
hosts would be good options for nectar foraging by A. vaccinii since they are 
bumblebee specialists (MacKenzie and Averill 1995). Although most feeding 
behavior of Lepidoptera has focused on nectar, aphid honeydew, exuded tree sap, and 
bird feces have been shown to be suitable feeding sources for lepidopterans (Downes 
1973, Johnson and Stafford 1985, Omura and Honda 2003). All of these may exist in 
the upper levels of the tree canopy where aphids and roosting birds would be likely 
found. 
The woodlands surrounding bogs may provide refugia during insecticide 
applications on commercial acreage. Following an insecticide application, many 
moths continued to be captured in traps in the woods, even after the population in the 
bog and at the edge of woods dropped to zero. Surviving moths may have 
implications for pest management approaches; for example, they may continue to 
infest the bog on one hand, but on the other hand, delay onset of resistance to control 
measure employed on the bog. 
A greater number of moths was captured around the edges of the bog 
compared to the center of the bog. This is consistent with trapping studies in 
blueberry fields. Sarzynski and Liburd (2004) showed that traps positioned at the 
edge of woods surrounding a blueberry planting captured more males than those 
located in central areas of the planting. Based on their results, they suggest that males 
aggregate near planting boundaries. Likely females do as well, since Beckwith 
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(1941) found higher levels of A. vaccinii infestation in edge berry samples of 
blueberry fields compared to inner samples, and in another Michigan study, 
Mallampalli and Isaacs (2002) showed that eggs were most abundant adjacent to 
wooded borders, with numbers decreasing with distance from the edge. At least in 
the blueberry systems, this edge effect could be attributable to the presence of wild 
hosts that serve as source of colonizers. However, for the cranberry systems we 
studied, there was no evidence of a standing population external to the cultivated bogs 
that served as invaders. It is more likely that bog-origin moths, upon return from 
upland sites, arrive with greater frequency near the bog edge. 
Regarding pest management recommendations, the first trap height study 
demonstrated that the most effective height for monitoring males with pheromone 
traps is between 0.5 and 1 m above the canopy, and that traps should not be placed at 
vine level, as they are for other cranberry insects, such as the pyralid Chrysoteuchia 
topiaria (Zeller). The significant effect of trap height on catch was observed only 
during the moth’s peak flight in July and not earlier or later in the flight season. This 
is consistent with the findings of Sarzynski and Liburd (2004) in blueberry. 
19 
Table 1.1. Captures of Acrobasis vaccinii males in pheromone traps placed at 
different heights in four cranberry bogs, 10 June - 15 August 1996. Means are 
total captures at a given height at four different bogs. 
Trap Height 
Male moths captured 
(Mean number ± SE) 
1.50 m 291 ± 90.5 
1.00 m 397 ± 87.6 
0.50 m 375 ± 60.7 
7-15 cm 
(Vine level) 
191 ± 24.6 
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Table 1.2. Mean number of Acrobasis vaccinii moths captured per night in 
pheromone traps placed at different heights at points in the season when the moth 
population is low (June and August) and when high, during peak flight (July), and 
the tests for fixed effects and orthogonal polynomial contrasts. 
Number of males captured/night (Mean ± SE) 
Early Flight Peak Flight Late Flight 
Trap Height Season Total (June) (July) (August) 
1.50 m 4.4 ± 0.9 3.7 ±2.1 7.0 ± 1.3 0.8 ±0.1 
1.00 m 5.9 ±0.9 3.5 ± 1.1 9.9 ± 1.8 1.6 ±0.4 
0.50 m 5.8 ±0.9 4.8 ±2.2 8.7 ± 1.3 1.7 ±0.7 
7-15 cm 2.8 ±0.5 1.5 ±0.5 4.6 ±0.9 1.1 ±0.4 
(Vine level) 
Type 3 Tests of Fixed Effects 
Effect Pr > F Pr > F Pr > F Pr > F 
Height (Ht) <0.01 0.22 0.01 0.36 
Days <0.01 0.07 <0.01 0.52 
Ht* Days 0.01 0.09 0.22 0.81 
Contrasts 
Label Pr > F Pr > F Pr>F Pr > F 
Linear 0.07 0.25 0.08 0.58 
Quadratic <0.01 0.20 <0.01 0.11 
Cubic 0.92 0.20 0.40 0.10 
1. Data were analyzed by MIX PROC Procedure in SAS (SAS Institute, Inc., Cary, NC). 
Table 1.3. Captures of Acrobasis vaccinii males in pheromone traps placed at 
different heights in the bog and in trees in the surrounding woodland. 
Male moths captured 
(Mean/night/trap + SE) 
Trap Height Bog Trees 
1 m 12.85 ± 4.11 a 1.05 + 0.70 b 
3 m 0.85 ± 0.44 b 0.90 + 0.49 b 
6 m 0 7.70 + 3.28 a 
Values in the columns followed by the same letter are not significantly different 
(P< 0.05) [Tukey’s Studentized Range (HSD) test]. 
Table 1.4. Number of marked males recaptured in a cranberry bog and its 
surrounding habitats (uplands). Four pheromone traps were deployed at each of three 
sites on the bog, on the ground near the edge of surrounding woods, and in trees 
surrounding the bog. A total of 433 marked males were released on 26 June in the 
bog center. The bog was sprayed with insecticide 11 days after the release and no 
moths were captured after this date. 
Number of males recaptured 
Days after Edge of 
release Bog woods In trees 
1 
2 
5 
6 
7 
9 
10 
0 
3 
0 
0 1 
4 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
0 
Total 4 2 7 
Percent 
Recaptured 0.9 0.5 1.6 
23 
Table 1.5. Number of marked male and female moths recaptured in light traps placed 
in the woods. A total of 256 males and 345 females were released on 10 July in the 
bog center. 
Number of CFW recaptured in light traps in the woods 
Days after 
release Male Female Total 
1 5 0 5 
2 1 1 2 
3 4 1 5 
5 0 0 0 
Total 10 2 12 
Percent 
Recaptured 3.9 0.6 2.0 
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Table 1.6. Recapture of males in light traps following release (A) at separate sites or 
(B) at the same site in the upland surrounding the bog. Cohorts of marked moths were 
released in the woods (A) between 15 July and 24 July (Total=337 males and 347 
females) and (B) between 5 August and 12 August (Total=395 males and 437 
females). One trap was placed at the center and four in the edges of the bog. Moths 
were not recaptured at the center. None of the females were recaptured in the first 
experiment (A) and a single female was recaptured near the release site within 48 
hours in the second experiment (B). 
Number of males |ecaptured 
(A) Traps (B) Traps 
Days Trap distant Days Trap distant 
after nearest from after nearest from 
release release release Total release release release Total 
1 0 0 0 1 1 1 2 
2 1 0 1 2 3 2 5 
3 1 0 1 3 2 3 4 
4 0 1 1 4 2 0 2 
10 6 1 7 5 0 0 0 
11 3 0 3 6 0 0 0 
15 0 0 0 7 0 0 0 
16 0 0 0 8 0 0 0 
9 0 1 1 
10 0 0 0 
11 0 0 0 
Total: 11 2 13 8 6 14 
Percent 
Recaptured 4.24 % 3.5 % 
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Figure 1.1. Experimental set-up at Big Tihonet Bog (diagrammatic). The first set of 
four pheromone traps was placed in the four comers of the bog (B1-B4), 34 - 39 m 
from the bog center, 3 m from the edge. The second set was placed 3-10 m into the 
woods (at the edge) (E1-E4) surrounding the bog, at least 20 m from the nearest trap 
in the bog. The third set was placed into the woods (W1-W4), 20 m from the edge 
traps (77-144 m from bog center). In the case of light traps, a set of four traps was 
placed in the four comers of the bog (B1-B4), a second set was placed in the woods 
(W1-W4), and no trap was placed at the edge of wood. 
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Figure 1.2. Experimental setup in State Bog (diagrammatic). For mark-recapture 
experiments, a single trap was placed at the center and one each at the four comers of 
the bog, 10 m from the ditch (upland). Moths were released in the upland 50 m into 
the wood. For the 1, 3, and 6 m trap height experiment, four traps were placed 80 m 
apart, diagonally across the bog (T1-T4). Two traps each, 50 m apart (W1-W4), were 
placed in the north and south sides of bog, 50 m into the woods. (Approx, diameter of 
bog is 260 m). 
N 
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AAA AAA 
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Figure 1.3. Wild males captured in bog and adjacent upland traps. Four pheromone 
traps were deployed on the bog, on the ground near the edge (periphery) of 
surrounding woods, and in trees (woods) surrounding the bog. The bog was sprayed 
with insecticide on 8 July. 
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CHAPTER II 
/ 
NOCTURNAL ACTIVITY AND FEMALE REPRODUCTIVE STATUS IN 
THE CRANBERRY FRUIT WORM, VACCINII 
Abstract 
Acrobasis vaccinii Riley moths are commonly trapped not only within crop 
areas, but also in surrounding wild habitats, particularly high in trees. Trapping 
studies were conducted in cranberry and adjacent woodlands (upland) to determine 
the daily timing of activities in these habitats. Captures showed pronounced 
differences in the pattern of activity within a night. At the onset of peak flight, just 
prior to availability of berries, female captures were highest from 2100h - 0100 h in 
the bog, but were low in the uplands at this time. Male captures were highest in the 
upland late at night, from 2300 - 0500 h, with the peak of activity occurring between 
0100-0300 h. Three times more females than males were captured in the bog in the 
first part of the night. When fruits became more abundant for egg-laying on the bog, a 
lower number of moths was trapped and females became active earlier (before 2100 
h) and for a shorter interval. Also during this part of the season, onset of female 
activity in the upland was earlier, between 2300-0100 h, while male activity pattern 
remained as before. At the end of peak flight when the bog was heavily fruited, five 
times more moths were captured in the upland than in the bog, and male and female 
upland activity began early and lasted through the night. Nearly 90 % of trapped 
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females were mated and the majority had mated multiple times (up to 9 times, mean = 
2.3 spermatophores/female). Most females that emerged early in the season, when 
suitable hosts for egg-laying on the bog were very rare, had a full complement of 
eggs; however, the majority of spermatophores in these moths were spent, suggesting 
that resources from the spermatophore had been incorporated into the female’s soma 
and eggs. The majority of fresh spermatophores (15 out of 19) was dissected from 
females captured at upland sites. Further, both sexes were captured high in trees 
within the discrete interval of 0100 -0500 h, an interval when caged moths were 
observed mating. Taken together, it seems likely that cranberry fruitworm is 
engaging in ‘hilltopping,’ or mate finding at prominent landmarks in the habitat. 
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Aggregation in tree tops may serve to bring together scattered individuals from the 
bogs into closer proximity. Possibly, upland trees may also provide a more favorable 
microhabitat for mating than the bog; for example, the upland remained several 
degrees warmer throughout the night. 
Introduction 
No studies have examined the nocturnal activity and reproductive history of 
the univoltine moth, Acrobasis vaccinii Riley, since Tomlinson’s blacklight work 
conducted more than 30 years ago. He tallied trap captures in cranberry (Vaccinium 
macrocarpon Ait.) beds at various intervals of the night, and found that A. vaccinii 
females were collected in largest numbers on the bog between 1930 to 2300 h, 
whereas males were more abundant after 2300 h (Tomlinson 1970b). Since that 
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time, in pheromone trap and blacklight studies, it has been found that moths are 
commonly caught not only within the crop area, but also in habitats surrounding 
cranberry beds (referred to as ‘upland’), particularly in traps placed high in trees 
(NRS, unpublished data). Further, mark-release studies showed that both sexes 
move between cultivated cranberry and adjacent wild habitats (Chapter I). 
Also in early blacklight studies, Tomlinson (1966) found that trapped females 
had, on average, mated more than once and that there was a marked correlation 
between the number of matings and the reproductive age of the moth. In Lepidoptera, 
in the process of insemination, males transfer sperm encased in a spermatophore to 
the female. Therefore, the number of times a female has mated may be determined by 
the number of spermatophores in the bursa copulatrix (Proverbs 1961). 
Spermatophores pass through several stages of disintegration and can be classified 
into different categories based on its physical characteristics and may indicate the 
approximate time when the mating took place (Gehring and Madsen 1963, Showers et 
al 1974, Spurgeon et al. 1994). The objectives of this study were to (1) determine 
the daily timing of activity not only in cultivated cranberry beds, but also in the 
surrounding woodland habitats using light and pheromone trapping, (2) determine 
any links of activity with environmental features in the two habitats, and (3) to 
determine the mating status and reproductive history of females trapped at different 
intervals in the bog and the adjacent upland habitats. 
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Materials and Methods 
The studies were conducted at University of Massachusetts State Bog, located 
in East Wareham, Massachusetts during the summers of 1997 and 1998. 
Interval trapping, 1997 
Pheromone traps were baited with a rubber septum treated with a 300 mg 
blend of (E,Z)~8, 10-pentadecadien-l-ol and (£)-9-pentaceden-l-ol acetate (100:4) 
(McDonough et al. 1994) provided by Dr. L. McDonough (USDA, Yakima). Four 
sets of three winged traps (Pherocon) (Trece Inc., P. O. Box 129, Adair, Oklahoma 
74330) each, were set up on 1 July, which coincided with onset of peak flight. Traps 
were hung at 1, 3, or 6 m heights from a 7.6-cm diameter, 6.5 m high galvanized-iron 
pole. Four such poles were positioned diagonally across the bog, 80 m apart and at 
least 10 m from the nearest upland. Each trap was fixed at the respective level on the 
pole with a rope pulley. In addition, four sets of similar traps were deployed at the 
same three heights in the upland. Two sets were set up on the north and the other two 
on the south sides of the bog. The traps were at least 50 m apart and were hung from 
trees located 50 m into the woods. The traps were observed at 2 h intervals for 3 days 
and the number of males was recorded. Traps were cleaned or replaced and set to the 
original position. 
Temperature, relative humidity, and light conditions prevailing in the bog and 
in the upland were also recorded. 
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Interval trapping was also carried out with light traps (BioQuip ® IJV 22W) 
(BioQuip Products, 2321 Gladwick St., Rancho Dominguez, CA 90220) for three 
days (29 July to 1 August, which coincided with the end of peak flight) in order to 
evaluate female as well as male captures over the night. A single light trap was placed 
in the bog 10 m away from the ditch bordering the upland, with the light bulb 
positioned ca. 50 cm above the ground. Two similar light traps were placed upwind 
50 m away from the bog in the upland, one at a height of 6 m in a tree, and the other 
at the base of the tree. During each observation, the trap was lowered via rope pulley, 
captured insects were collected, and the trap replaced to its original position. 
In addition to evaluating captures of wild moths at intervals through the night, 
marked moths were released and recaptured in the light traps described above over 
the same intervals and over the same three days. Two to three-day-old moths, 
originating from larvae collected in the field the previous fall, were marked with 
different colors of flourescent powder (DayGlo®) (Day-Glo Color Corp., 4515 St. 
Clair Ave., Cleveland, Ohio 44103). A total of 1,015 moths was released at dusk on 
28 July either at the center of the bog (244 males and 273 females) or in the upland 
(266 males and 232 females), upwind from the bog and 50 m away from the bog. 
Interval trapping, 1998 
Light trapping was conducted again in 1998, but assessments were made of 
the egg load and mating status of the females trapped at different intervals. Also, 
only two light traps (Ward’s 8 W UV) (Ward’s Natural Science Establishment, P.O. 
Box 92912, Rochester, NY 14692) were set up; one trap was set in the bog in an 
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untreated section, 10 m away from the adjacent upland and the other was set up on 
the ground, 50 m into the woods. Traps were observed at three points: 28 June - 1 
July, 11-13 July, and 21-24 July. The traps were observed at 2 h intervals over the 
night as described above. 
Females captured during 28 June - 1 July were preserved in 70% ethyl 
alcohol for dissections. Based on their egg load, the reproductive age of each female 
was categorized by placing it into one of the following groups (after Gehring and 
Madsen 1963): 
1. Group I (if egg load and fat cover > % of the abdomen) 
2. Group II (if cover lA to % of the abdomen) 
3. Group III (if cover < % of the abdomen) 
The spermatophores were extracted from the bursa copulatrix, in water on a 
glass slide, and categorized using the following criteria: 
1. Fresh (distended, shiny, and cloudy) 
2. Intermediate (partially cloudy, but not fresh) 
3. Spent (transparent and shriveled) 
The percentage of mated females and the frequency of mating for each 
trapping interval were recorded. Similarly, based on the condition of each 
spermatophore, the time of mating was estimated. 
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Results 
In both years, only six moths (five in the trees and one in the bog) were caught 
during the day in any of the traps, so only data for moths captured during the night 
and early morning (2100-0500 h) were included for final analysis. 
Interval trapping, 1997 
In pheromone traps, deployed during peak flight, a total of 474 males was 
captured. Very few males were captured between 1900 and 0100 h, and none were 
captured at the 6 m height in the bog (Table 2.1). A very large spike of captures was 
observed after 0100 in the 1 m high trap in the bog and the 6 m high trap in the 
upland. High numbers were also recorded at these same traps during the 0300 - 0500 
h interval, with considerably lower numbers observed at the 3 m high bog trap and 
both of the lower upland traps. 
In light traps, deployed only at the end of flight toward the end of July, only 
twenty wild moths were captured in the interval study (Table 2.2). No wild moths 
were trapped in the bog. Starting at 2300 h, several males and one or two females 
were captured during each interval until 0500 h in the trap placed at ground level in 
the upland. One wild female was captured in the 6 m high trap in the upland between 
2300-0100 h, and three males were captured at this height between 0100- 0300 h. 
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Nine marked individuals were recaptured (Table 2.2). A single male was 
trapped in the early morning on the bog and in the 6 m upland trap at 0100 h. One 
male was captured at 2100 h and two males and two females were captured in the 
ground level trap in the upland at 2300 h with an additional two males caught at 0300 
h. 
Interval trapping, 1998 
Results from the three points in time that light trapping was carried out are 
shown in Fig. 2.1. From 28 June-1 July, which coincided with the onset of peak 
flight but was just prior to availability of abundant suitable fruit for egg laying, male 
captures were highest in the upland late at night from 2300 - 0500 h (Fig. 2.1 A), with 
the peak of activity occurring from 0100-0300 h. Female captures were low in the 
uplands, and on the bog were highest from 2100h - 0100 h. Three times more 
females than males were captured in the bog in the first part of the night. However, a 
spike in male captures on the bog, equal to the mean number captured in the upland, 
occurred after 0300 h. During 11-13 July (Fig. 2.IB), when fruits were becoming 
abundant for egg-laying, a low number of moths (28) was trapped. Although the part 
of the bog where the light trap was deployed remained untreated, all surrounding 
sections of bog were treated with insecticide just prior to setting out the light trap. 
Females were active earlier in the evening in the bog (before 2100 h) and then later in 
the upland, between 2300-0100 h. In the upland, males were active after 2300 h in 
the upland with peak activity from 0100 to 0300 h. On the bog, peak male captures 
occurred from 0300 to 0500 h, similar to the early July observations. During 21-24 
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July (Fig 2.1C), which was the end of peak flight, five times more moths were 
captured in the upland (100) than in the bog (20). Male activity in the upland began 
early and lasted through the night; female activity also began early in the upland but 
lasted only until 0300 h. 
The results of the dissections determining mating status and reproductive age 
are shown in Table 2.3. For 99 moths collected in light traps from 29 June to 1 July, 
88 of them (88.9%) were mated. The level of mating was similar in both the bog and 
upland collections. Among groups that were captured during the different time 
intervals, the percentage mated ranged from 70 to 100%. There was a general trend 
of a lower percentage mated earlier in the evening than after 0300 h. 
Spermatophore counts from captured females are displayed in Table 2.4; 205 
spermatophores were dissected from 88 mated females. There were as many as nine 
spermatophores counted in a single moth, and 58% of mated females had mated two 
or more times. In both the bog and the upland, most (78.9 and 72.0%, respectively) 
of the spermatophores were categorized as ‘spent,’ in spite of the fact that little 
oviposition could have occurred at this point; the bog was very early in the fruiting 
season. Of the few (19) fresh spermatophores tallied, 79% (15) were dissected from 
moths captured in the upland. The mean number of spermatophores for all mated 
females was 2.3; the mean number was higher for moths captured in the bog (3.1) 
when compared to those captured in the upland (1.7). 
The meteorological data recorded at different intervals of night revealed 
differences in the temperature, relative humidity and light intensity in the upland 
compared to the bog (Fig. 2.2). It became progressively cooler, particularly in the 
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bog, where it reached just above 12°C by daybreak. The upland remained several 
degrees warmer than the bog throughout the night (Fig. 2.2A). On the other hand, 
relative humidity increased through the night at both locations (Fig. 2.2B). Humidity 
was 20% higher on the bog earlier in the night, but this gap narrowed towards the 
morning. The light intensity was higher in the bog than in the upland at all periods 
(Fig. 2.2C). Following dusk, light intensity on the bog and upland remained fairly 
similar until dawn (0500), although it was always darker in the upland. The 
difference in light intensity between the two sites was most pronounced at 2300, just 
prior to moon rise, and at 0500 h, just prior to dawn. 
Discussion 
Taken together with the previous work reported in Chapter I, the results 
suggest that mating may occur not only on the bog, but also in the upland. It is 
possible that many males and females move to the upland tree canopy to mate. First, 
males were captured in pheromone traps placed 6 m high in trees, as well as on the 
bog, within a very discrete interval, 0100 -0500 h, an interval in time when moths 
have been observed mating in the field cage. Second, the large majority of fresh 
spermatophores was dissected from females captured at upland sites (although the 
dissected females were captured at the ground level, not in the tree canopy). Third, 
in mark-release studies, both sexes, having been released in the bog or the upland, 
were often recaptured in traps placed in the woodlands (Chapter I). Finally, in large 
field cage studies reported in Chapter III, it was observed that released moths became 
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active as the night progressed, leaving hiding places within the vines to move to the 
upper level of cage, suggesting that they would have flown up and away from the bog 
if uncaged. Similar to many other insect species, including many Lepidoptera, it 
seems likely that cranberry ffuitworm is engaging in ‘hilltopping. ’ In the 
‘hilltopping5 strategy of mate finding, males move to the highest points within 
habitats and patrol them in search of females, who also move to these elevated points 
to secure matings. Such behavior may serve to bring together scattered individuals to 
closer proximity of one another (Thornhill and Alcock 1983). 
Moths may mate in the upland because the areas provide a more favorable 
microhabitat than the bog. For example, the upland was warmer during the night, and 
temperature may play a role in mating behavior. Delisle (1995) showed a significant 
effect of temperature on mating success and mating duration in Choristoneura 
rosaceana (Harris) and both pheromone emission and receptivity are known to be 
impacted by temperature (Garde and Roelofs 1973, Garde et al. 1975). 
Cranberry ffuitworm trap captures showed marked differences in the pattern 
of activity within a night. These patterns varied according to the trapping period. At 
the onset of the peak flight period (beginning of July), when the very first fruit were 
setting, there is evidence that females partitioned the timing of activities. More 
females were captured on the bog in the first part of the night, just after dusk until 
0100 h. This is consistent with Tomlinson’s (1970b) blacklight results. He attributed 
the early-evening flight of females to foraging activity for egg-laying sites, and this is 
likely to be true since oviposition was observed 2 to 2.5 h after dark in the laboratory 
(Chapter III). Berries are rare early in July, so extended search time may be required 
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to locate hosts, and this may account for the female activity observed on the bog from 
2100 to 0100 h. In other studies reported in Chapter III, mating occurred in the latter 
half of the night, and pairs of released moths in a large field cage were observed in 
copula between 2300 and 0300 h, with peak mating activity at 0100 h. While females 
were not captured in high numbers late at night, male captures, in both pheromone 
traps and light traps, increased greatly after midnight. 
In early July, the daily timing of these activities and responsiveness to 
resources, such as oviposition sites and mates, may be linked to light intensity, 
temperature, and humidity, all of which vary throughout a day/night cycle and have 
associated benefits or costs (Hardie et al. 2001). Kaitala and Wickland (1994) point 
out the advantages of partitioning daily activities in time. They assert that for some 
butterflies, oviposition can only be carried out when it is warm, and that repeated 
matings during these optimal egg-laying conditions may incur high costs in time. 
They found that Pieris napi L. butterflies minimize time costs of remating by 
delaying such activity until late in the afternoon and do not remate until they have 
devoted at least part of the day to egg-laying. In the case of A. vaccinii, over the 
night, it is warmest on the bog in early evening. Thus, already-mated females may 
first search for oviposition sites on the bog during the warmest hours of the night, and 
delay remating activity until the latter portion of the night. Further, if mating is 
carried out in the upland in the hours just after midnight, the temperature is ca. 16°C, 
5-6°C higher than in the bog. Other studies of the nocturnal activities of moths have 
suggested that females might partition the timing of activities. For example, Gregory 
(1989) observed the noctuid, Anticarsia gemmatalis Hiibner, in soybean and found 
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that females primarily engaged in mating and oviposition activities during the first 
half of scotophase, but were found feeding during the second half In contrast, 
Lingren et al (1980) reported that peak feeding and oviposition by the cotton 
perforator Bucculatrix thurberiella Busck occurred in early evening (around 2100 h), 
while the major mating activity was observed later, from 2300 to 0400 h. 
Near mid-July, moth captures were very low, probably because of insecticide 
sprays in the areas surrounding my untreated study section of the bog. The spray was 
triggered by peak egg-laying, which was observed just prior to my setting the traps 
out for the study. While the pattern of male captures was fairly similar to that seen in 
early July, the female pattern was quite different. Instead of bog activity, females 
were now caught in largest numbers in the upland, and after midnight (0100 h). On 
the bog, they were only captured in the early evening (2100 h) and late evening (0300 
h) intervals. At this time of the season, suitable berries for egg-laying are 
increasingly available, so a female, which lays 10-80 eggs singly per night under 
laboratory conditions (A.L. Averill, unpublished data), could exhaust her complement 
of mature eggs fairly rapidly. Perhaps, following egg-laying, females move into the 
upland to search for food. Many Lepidoptera nectar feed, and at the least, need to 
obtain some sugar as an adult to realize a full lifespan (Oberhauser 1997). Regarding 
A. vaccinii, newly-emerged moths die in the lab within 48 h if only water is provided 
and carbohydrate is withheld (A.L. Averill, personal communication). Cranberry 
flowers could be utilized as a nectar source in early July (although this has never been 
reported); however, even if this were true, by mid-July, bloom would be ended and no 
other food source is readily apparent on a cultivated cranberry bog (Sisterson and 
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Averill 2002). For example, honeydew is a known food source for some noctuid 
moths (Johnson and Stafford 1985), but there are no common honeydew-producing 
insects found on cultivated bogs (Averill and Sylvia 1998), nor are other possible 
adult food sources [e.g. rotting fruit, tree sap, animal excreta, or mud puddles 
(Karlsson 1998)] found in the bogs. Taken together, food sources are more likely to 
be found in the uplands, which contain a mix of flowering shrubs, and trees such as 
Quercus spp., and Pinus spp., plus associated hemipterans and roosting birds. 
Females may actively forage for matings at sites in the uplands. However, 
since there is a 1:1 male:female ratio (Brodel 1987a,b) in bog populations, and 
because the average A. vaccinii female mates two to three times, males prepared to 
mate may sometimes be in short supply. The spermatophore produced by a male 
lepidopteran is a sperm sac surrounded by a viscous body of materials formed by 
secretions from the accessory glands (Drummond 1984). According to Hayashi 
(1993), the mass of a spermatophore in the 25 butterfly species studied to date ranges 
between 1.4 and 15.5% of male body weight. After mating, the male must gradually 
recover from depletion of the accessory glands. Most of the materials are acquired 
during the larval stage (Bissoondath and Wicklund 1996), rather than through the 
adult male diet. 
Polyandry is a common trait in Lepidoptera (Drummond 1984). Female 
insects may mate multiple times to receive materials from the male, such as sperm, 
oviposition stimulants, or nutrients (Kaitala and Wiklund 1994). In many studies 
evaluating these possible male contributions, nutrients received by the female are 
often the ultimate reason for multiple mating (Watanabe 1988, Oberhauser 1989, 
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1992, Boggs 1990). However, results of studies aimed at determining whether these 
nutrients increase a female’s reproductive success or longevity have varied widely 
(Delisle and Hardy 1997) and may depend on the resources that the female acquired 
both during her life as a larva and an adult (Boggs 1990). There is some evidence 
that A. vaccinii females utilize nutrient resources from the spermatophore. Females in 
the early July cohort emerged when suitable hosts for egg-laying on the bog were 
very rare. Not surprisingly, upon dissection, a full complement of eggs was found in 
most females; however, a perplexing finding was that among the collection intervals, 
70-100% of all spermatophores were spent (empty and shriveled). In work on 
butterflies, it has been shown that the ejaculate of a spermatophore contains, in 
addition to sperm and hormones, many nutrients including amino acids, proteins, 
lipids, hydrocarbons, and water (Karlsson 1998). It seems likely that, similar to 
many other Lepidoptera, these resources had been incorporated into the A. vaccinii 
female’s soma (body) and eggs (Boggs and Gilbert 1979, Boggs 1990), perhaps also 
increasing longevity as in some butterflies (Karlsson 1998). It has been shown that 
among the various species studied, the spermatophores are broken down with 1-7 
days after mating, and that the nutrients are incorporated into eggs almost 
immediately (Boggs and Gilbert 1979). 
Some issues regarding the efficiency of light trapping to adequately sample 
moth populations have emerged. Gehring and Madsen (1963) found that 90.6% of the 
codling moth females attracted to blacklight traps were ready to oviposit or were 
reproductively young (Group I and II). However, because they found that Group III 
females were dominant (79.2%) in samples when another collection technique (bait 
43 
pan traps) was utilized, they speculated that females were exhibiting different levels 
of response to the trap types. In the early July collections of females in the bog and 
upland light traps, 86.6% and 84.2%, respectively, were in Group I and II. Group III 
females could have been underrepresented, as in the above codling moth study, but 
this seems unlikely. There are so few berries available for oviposition at this point 
that collection of moths at a late stage of reproductive maturity seems impossible. 
Samples of A. vaccinii females taken over the full fruiting season and during peak 
oviposition would be useful to more fully address this issue. 
Also, perplexingly few moths were captured in the 1997 light trap study at the 
6 m level in the upland in late July (Table 2.2). More moths were captured at the base 
of the tree. Based on the pheromone trap study done in early July, I expected the 
opposite trend: high numbers in the canopy of the tree and low numbers at the base. 
However, the two studies were run a month apart. It is not known what the timing of 
captures in pheromone traps is at the end of flight, when the light trap study was run. 
Perhaps at the end of the flight season, the male spatial dynamic differs from early 
season. For example, early-emerging males may easily acquire nectar from cranberry 
flowers, while later-emerging males (when cranberry bloom is completed) search for 
carbohydrate sources in the upland understory for food. Alternatively, and more 
likely, because both males and females were captured in light traps placed at the base 
of trees, compared to the top, it is possible that interference by diffused moonlight 
impacted the efficiency of the higher light trap. Interference of trap captures by 
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various factors, including lunar cycles, has been reported (Bowden 1982, Muirhead- 
Thompson 1991, Butler et al. 1999). In general, the number of moths caught in light 
traps was low during this study; low attractiveness of light traps has been reported for 
most North American species (Muirhead-Thompson 1991). 
Table 2.1. Male A. vaccinii captures in pheromone traps placed at different 
heights in State Bog and in the woods surrounding the bog (upland) at different 
time intervals, 1-4 July 1997. 
Males captured (mean/night) 
Bog Upland 
Time (h) 1 m 3 m 6 m 1 m 3 m 6 m 
1900-2100 0.0 0.5 0.0 0.0 0.0 0.0 
2100-2300 0.2 0.0 0.0 0.0 0.0 0.0 
2300-0100 0.2 0.0 0.0 0.2 0.0 0.2 
0100-0300 34.0 1.0 0.0 0.2 1.7 14.0 
0300-0500 29.7 2.7 0.0 4.7 2.7 24.2 
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Table 2.2. A. vaccinii captures in light traps placed in the bog, at ground 
level in the surrounding woodland (upland - ground), and at 6 m up in a tree 
in the surrounding woodland (upland -6 m) over three days (29 July - 1 
August 1997). Numbers in parentheses are trapped 1-3 d old moths that were 
marked and released on 28 July. 
Number of moths captured 
Wild (Mark-released) 
Trap location: Bog Upland (ground) Upland (6 m) 
Time (h) Male Female Male Female Male Female 
1900-2100 0 0 0(1) 0 0 0 
2100-2300 0 0 2(2) 1(2) 0 0 
2300-0100 0 0 3 2 KD 1 
0100-0300 0 0 4(2) 1 1 0 
0300-0500 0(1) 0 2 2 0 0 
Total 0(1) 0 11(5) 6(2) 2(1) 1 
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Table 2.3. Reproductive age of cranberry fruitworm moths captured in light traps at 
different periods of night over three days (28 June - 1 July 1998). 
Reproductive Age of Females1 
Number of 
moths Number of moths in each category 
% 
Time (h) Dissected Mated Group I Group II Group III mated 
Location: fl>g 
2100 10 7 7 0 3 70 
2300 15 15 8 7 0 100 
0100 13 12 6 6 1 92 
0300 3 2 1 0 2 100 
0500 4 4 0 4 0 100 
Total 45 40 22 17 6 89 
Location: Upland 
2100 9 8 4 2 0 89 
2300 15 12 10 3 2 80 
0100 17 15 9 6 2 88 
0300 12 12 6 2 4 100 
0500 1 1 1 0 0 100 
Total 54 48 30 13 8 89 
TOTAL 99 88 55 30 14 89 
1 Moths categorized into three groups based on the proportion of the abdomen filled with eggs and fat 
body (Group I >3/4, Group 11=1/4-3/4, Group III<l/4) (after Gehring and Madsen 1963). 
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Table 2.4. Mating history of cranberry fruitworm moths captured in light traps at 
different periods of night over three days (28 June - 1 July 1998). 
Spermatophores present 
Number of 
moths Number Condition # 
Time Dissected Mated 0 1 2 3 4 5 6 9 Total Fresh Inter. Spent 
mated 
female 
Location: Bog 
2100 (h) 10 7 3 2 1 1 2 0 0 1 24 1 3 20 3.4 
2300 15 15 0 3 3 4 3 1 1 0 44 1 6 37 2.9 
0100 13 12 1 0 5 3 4 0 0 0 35 1 9 25 2.9 
0300 3 2 1 1 1 0 0 0 0 0 3 0 0 3 1.5 
0500 4 4 0 0 0 1 2 0 1 0 17 1 4 12 4.3 
Total 45 40 5 6 10 9 11 1 2 1 123 4 22 97 3.1 
Location: Upland 
2100 (h) 9 8 1 7 0 0 0 0 1 0 13 4 0 9 1.6 
2300 15 12 3 7 5 0 0 0 0 0 17 4 2 11 1.4 
0100 17 15 2 9 1 4 1 0 0 0 27 4 4 19 1.8 
0300 12 12 0 7 2 1 0 2 0 0 24 2 2 20 2.0 
0500 1 1 0 1 0 0 0 0 0 0 1 1 0 0 1.0 
Total 54 48 6 31 8 5 1 2 1 0 82 15 8 59 1.7 
TOTAL 99 88 11 37 18 14 12 3 3 1 205 19 30 156 2.3 
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Figure 2.1. Male (M) and female (F) captures in light traps at 2 h intervals during 
(A) 28 June - 1 July (B) 11-13 July, and (C) 21-24 July 1998. Traps were 
positioned on the bog (Bog) or on the ground in woodlands (upland) 50 m from the 
bog (Up). I " 
i 
A. 
25 1 
20 - 
2100 2300 0100 0300 0500 
Time (h) 
B. 
2100 2300 0100 0300 0500 
Time (h) 
2100 2300 0100 0300 0500 
Time (h) □ Upland 
B Bog 
Figure 2.2. (A) Temperature, (B) relative humidity, and (C) light intensity 
measurements taken over night at intervals in the cranberry bog and at upland, 
29-31 July 1997. 
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CHAPTER III 
OBSERVATIONS OF EMERGENCE, MATING, AND OVIPOSITION OF 
CRANBERRY FRUIT WORM, ACROBASIS VAC Cl MI 
Abstract 
The cranberry fruitworm, Acrobasis vaciinii Riley, causes serious damage to 
cranberry in eastern Massachusetts. Adults were studied in the laboratory and under 
natural and caged-conditions in the field to evaluate timing of various activities. 
Male and female emergence times were similar, with the majority of moths emerging 
from hibemacula between 1500 and 1900 h. Adult emergence at night after 2100 h 
and before 1300 h in the day was negligible. Observations in the field showed that 
flight activity over the vines increased gradually after sunset with a peak around 1 h 
after sunset (2130 - 2200 h) and then declined. Moths exhibited three different flight 
patterns and these are described. Although egg-laying was highly variable in 
bioassays, it was clear that oviposition occurred in the early part of night, one to three 
hours after sunset. Calling by females, courtship displays, and mating were never 
observed in the field. However, male behavior that resembled a response to sex 
pheromone (rapid antennal movement accompanied by short, frenzied flights) was 
observed after sunset. Similar behavior was observed in the laboratory cage, at 
around 2100 h (generally, after 2 h of scotophase). In the field cage, lab-origin 
, 
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moths were found in copula between 2300 and 0300 h, with a peak at around 0100 h. 
Moths were increasingly active in the field cage as the night progressed, and flew 
high, close to the roof, as if they were preparing to make flights away from the bog. 
Under field conditions, eggs were laid in the calyx cup of cranberries. A few were 
found on the surface of berries, however, no eggs were found on other parts of the 
plant. 
Introduction 
Reproductive behavior in the Lepidoptera has been thoroughly studied for 
many species. Regarding moths, the behavioral steps that typically lead to mating 
include ‘calling’ (overt behavior associated with the release of the female sex 
pheromone), and ‘courting’ or ‘male display’ (response of males to the sex 
pheromone). Subsequently, events leading to oviposition by a gravid female follow a 
sequence of searching, orientation, encounter, landing, surface evaluation, and 
acceptance (Ramaswamy 1988, Renwick and Chew 1994). 
After alighting on a plant, the physical and chemical characteristics of the 
plant determine the suitability of the plant for oviposition. The sensory receptors 
involved are present on the tarsi, antennae, proboscis, and ovipositor of the 
lepidopterans (Renwick and Chew 1994). Contact chemoreceptors have been 
described on antennae of pyralids (Chadha and Roome 1980). The steps preceding 
oviposition included: ‘drumming’ with forelegs to allow the tarsal sensilla to perceive 
the chemical cues from the substrate, ‘wing fluttering’ and ‘fanning’ that may help 
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antennal receptors to sense the volatiles in the air, ‘antennation’ (tapping with 
antennae), ‘walking’, and ‘ovipositor dragging’ (Ramaswamy 1988, 1989, Renwick 
and Chew 1994). Host choice is often crucial in the Lepidoptera when neonate 
larvae are relatively immobile, and thus, depend on the choice of a food plant by the 
adult female (Renwick and Chew 1994). Generally, mating and oviposition activities 
occur at regular intervals. However, the periodicity of these recurring activities is 
adaptive, and under certain circumstances, insects may behave differently in order to 
maximize their chances of survival (Romoser and Stoffolano 1994). 
The cranberry ffuitworm, Acrobasis vaciinii Riley, is a univoltine pyralid. 
Last instar larvae overwinter inside a protective hibemaculum on the bog floor. In 
the spring, the larva pupates and moths begin to emerge in early June (Averill and 
Sylvia 1998). Females oviposit almost exclusively into the calyx of its Vaccinium 
host fruits, cranberry and blueberry. Cranberry plants grow as perennial recumbent 
woody vines in sandy bogs. The berries grow singly off of short shoots known as 
uprights. The female lays her eggs individually inside the calyx on the underside of 
the developing host fruits. Rogers (2000) asserted that the calyx is identified by its 
physical conformation and found that when the calyx sepals are removed, virtually no 
eggs are laid at the calyx end of altered berries. These results parallel other studies 
where alteration or removal of spines or florets from host flower heads greatly 
reduced or eliminated oviposition behaviors by tephritids (Zwolfer 1972) or where 
presence of a crevice was necessary to stimulate oviposition by the frit fly (Jonasson 
1977). In these species, as in A. vaccinii, the physical structure of the host identified 
the oviposition site and elicited oviposition. The essential physical properties of the 
cranberry calyx could include the projecting rim created by the sepals, the central 
depression, the flat, vertically projecting sidewalls, the "comer" where the floor of the 
calyx meets the sepals, or some combination. The fact that sites exhibiting only some 
of these characters, such as the berry-stem junction, were largely rejected, suggests 
that a combination of stimuli is required. 
Since little else is known regarding A. vaccinii oviposition, and even less 
about mating behavior, these activities were studied in the field and the laboratory. 
Studies were also conducted under semi-natural conditions, i.e. in cages placed in the 
field, which can also provide useful insights into behaviors likely to occur in nature. 
For example, Shimoda and Kiguchi (1995) clearly distinguished six behaviors 
(climbing, flight, feeding, calling, mating and oviposition) in sweet potato homworm, 
Agrius convolvuli, in a rearing cage. The objectives of this study were to (1) study the 
moth’s activity in the lab and field, (2) determine the periodicity of mating and 
oviposition, and (3) determine the periodicity of moth emergence from hibemacula in 
the lab. 
Materials and Methods 
The study was conducted from 1995 to 1998 at the University of 
Massachusetts, Cranberry Experiment Station, East Wareham, Massachusetts. 
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Adult emergence in the laboratory 
Acrobasis vaccinii larvae were collected from several field sites in the 
preceding August as late instars and allowed to complete their development in the 
laboratory. Resulting hibemacula were maintained in moist peat moss for a minimum 
of six months in growth chambers at 4°C and 75% RH. They were moved to 24°C, 
ca. 75% RH, and 16 h; 8h L:D regimen (lights on at 0500 h) when adults were needed 
for experiments. 
At first moth emergence, 200 hibemacula were randomly collected and kept 
individually in stoppered 10-ml glass vials with moist peat moss. The vials were 
examined every two hours from 0500 h to 2300 h. After 2300 h, the next observation 
was made at 0500 h, representing a 6 h overnight emergence interval. Each moth was 
sexed. The study was repeated in 1998 with the exception that hibemacula were not 
kept separately in vials and instead, were kept in groups covered with moist peat 
moss. Also in 1998, observations were made every two hours from 0700 h to 2300 h 
with a single observation interval overnight, from 2300 to 0700 h. 
Field observations 
Moth flight activity was observed using a flashlight sweeping across the bog. 
The observations were made at 5-10 min intervals over several nights in June and 
July 1995 - 1997, in a section of the University of MA State Bog in East Wareham, 
MA that was not treated with pesticide. Observation began at sunset and continued 
through the night. After several nights, when no activity was observed after 2300 h, 
the observation interval was truncated, running from sunset to 2300 h. 
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Field cage observations 
Adults were obtained as above. At emergence, males and females were kept 
together in mating cages until used in experiments. Cohorts of 1-3 day-old moths 
were released into a 3.7 m x 3.7 m x 1.8 m (1 x w x h) screen-cage placed in an 
untreated cranberry bed. Moth activity was observed using a flashlight. To determine 
the distance a moth traversed during a flight, the area of the cage floor with cranberry 
vines was divided into approximately 1 square meter quadrats with a rope prior to the 
experiment, and the number of quadrats a moth traversed in a flight was calculated. 
Similarly, to determine the height at which a moth was flying or was resting at on the 
cage wall, the wall on each side of the field cage was marked at 0.5, 1, and 1.5 m 
levels above the vines. The work was carried out in 1995 through 1997. In 1997, 
male moths were dusted with fluorescent powder to allow them to be distinguished 
more easily under the flashlight. The temperature, relative humidity and light 
conditions during the period of observation were recorded. 
Laboratory observations 
In the laboratory, 1 -3 day-old males and females were introduced in batches 
of 10-50 pairs into 20 x 20 x 20-cm Plexiglas- screen cages provided with cranberries 
or clusters of blueberries in water-piks. Moth activity was observed at intervals 
during the night under a low-intensity red incandescent light or with a flashlight 
covered with a few layers of red acetate paper. The observations were made on eight 
different days in 1995, and on seven different days each in 1996 and 1997. 
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Mating status of female moths exposed to males for different periods of time 
Cohorts of newly emerged moths were kept in 30x30x30 cm Plexiglas- 
nylon cages and provided 10% honey solution and water. In four of the cages, the 
moths were also provided with cranberry uprights with berries in water-piks placed at 
the center of the cage, in order to determine the effect of host presence on mating. 
After 15 h, a batch of moths was collected and removed from the cage. The 
remainder was left for the rest of the night, and after 24 h, a second batch was 
removed. Finally, a third batch was removed after 72 h. The moths in the cages with 
host-plants were removed after 72 h only. The experiment was replicated three times 
during July - August 1998. A total of 194 females was dissected and the number of 
spermatophores was recorded. Of these, 27 females were exposed to males, without 
plants, for 15 h, 48 were exposed for 24 h, and 63 were exposed for 72 h without 
plants. Fifty-one females were exposed to males plus cranberry plants for 72 h. Data 
for three replications were pooled and the percentage of moths mated and the number 
of spermatophores was calculated. 
Oviposition 
To determine whether A. vaccinii lay eggs on cranberry plant parts other than 
the berries in the field, 1,000 uprights of the cultivar ‘Early Black’ were randomly 
collected from the pesticide-untreated section of the State Bog, (ca. 100 uprights per 
day, during June- July, 1995). The entire upright was examined microscopically and 
the number of eggs was recorded. 
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Two studies were conducted to determine periodicity of egg-laying. In the 
first, five 20 x 20 x 20-cm size Plexiglas /nylon screen cages were randomly placed in 
a section of the State Bog not treated with pesticide. Each day, uprights (cultivar- 
‘ Early Black’) bearing 15-20 uninfested berries were collected from the untreated 
section of the bog, and introduced to the cage. Six pairs of 1-3 day old moths were 
randomly introduced into each cage. Several time intervals were evaluated: (1) dusk 
only (1900-2100 h), (2) dusk (1900) to 2300 h, (3) early night to dawn (2100- 0800 
h), (4) 2300 h to dawn (0800 h) and (5) dusk to dawn (1900 - 0800 h). The berries 
were exposed to moths for the specified periods and examined for the eggs. Ten 
replications were done, but eggs were laid in only seven of the replications. 
The second oviposition study was conducted in 1998 in a large, cylindrical, 
nylon-netted cage (ca. 4 m high x 3 m diameter) with a conical top and a flat nylon 
floor. Four potted, fruit-bearing, commercial highbush blueberry (Vaccinium 
corymbosum Aiton) plants were placed in the four directions inside the cage, 
equidistant to each other. Each pot was placed on a 30 cm high wooden box so that 
the height of the plant was approximately 1.2 m from the ground. In addition, six 20 
cm x 40 cm plastic trays containing mats of cranberry vines (cultivar - ‘Early Black’) 
were placed on the ground at the center of the cage. As the cranberry vines had not 
yet borne fruits, cranberry uprights with berries were added in piks. A total of 188 
males and 198 females, newly emerged, were released into the cage over a seven-day 
period. Moths were provided 10% honey solution and distilled water in cups with 
cotton wicks inside the cage. Blueberry clusters in the plants were kept covered with 
brown paper bags. During each time interval, paper bag covers were removed from 
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two clusters of blueberries on each plant, allowing the berries to be selectively 
exposed to moths for oviposition. After each oviposition period, exposed fruit were 
removed and replaced with a new set. After the blueberries on the potted-plants 
became scarce, uninfested blueberry clusters (collected from unsprayed commercial 
highbush plantings) were tied to the branches of the potted plants and covered and 
exposed as above. The moths were exposed to berries during two time intervals: 
(1) 1700 - 2400 h and (2) 2400 - 0500 h, and the berries were examined for eggs. 
Data analyses 
Data for the number of eggs laid by moths from the oviposition experiment in 
1996 were transformed to Log (x+1) to reduce heterogeneity and were analyzed using 
ANOVA (Analytical Software 1996). Means were separated using Tukey’s 
Studentized Range (HSD) Test at P=0.05. As the number of eggs laid on berries 
inside the cage in the oviposition experiment in 1998 was very low, data for the 
number of eggs laid in the two treatments, cranberries and blueberries, were pooled, 
and a two-sample t-test was performed for the number of eggs laid in the two 
treatments. Each observation day was used as a replication for analysis. 
Results 
Moth emergence in the laboratory 
In the initial emergence experiment run in 1997, all 21 of the moths emerged 
after 1500 h and before 2100 h. Six males and six females emerged in a peak from 
1500 - 1700 h; three males and five females emerged from 1700 - 1900 h and one 
male emerged from 1900 - 2100 h. 
A similar pattern of emergence was observed in 1998 (Table 3.1), but some 
moths were recorded at all check times. The highest emergence occurred in the 
evening between 1700 - 1900 h, for both males (46.9%) and females (37.5%). 
Approximately 85% of the males and 78% of the females emerged after 1700 h and 
before 2100 h. The emergence at night after 2100 h and before 1300 h in the day was 
negligible. 
Field observations 
When flight activity was monitored in the field, 55 moths were observed (Fig. 
3.1). Flight activity increased gradually over the vines after sunset with a peak 
around 1 h after sunset (2130 - 2200 h) and then dropped. Although a few moths 
were seen at dusk, activity typically was observed only after dark. After 2300 h, 
almost no activity was observed. Moths were active when it was warm, humid, and 
calm, particularly after moon rise. Activity was greater when the bog was humid, 
irrespective of whether the evening was warm or cool. When the bog was irrigated 
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during the day, activity was high that night. However, when there was a heavy 
downpour during the day, moths were largely absent on the night that followed. 
Three different types of flight could be distinguished: (i) a short distance, 
rapid ‘8-shaped’ movement, (ii) a short to intermediate distance, slow-paced 
‘fluttering’ movement and (iii) a long distance, rapid ‘vertical’ flight. The first type of 
flight occurred close to the vines. Individuals low in the vines crawled to the top of an 
upright, made a short flight, and came back to land at a site very close to the original 
site of departure; thus making an ‘8-shaped’ loop. The second type, fluttering, was 
most commonly observed, at dusk to late evening in the bog as a moth flew slowly 
over the vines, moving from plant to plant with rapid up and down wing strokes. 
Several loops and semi-circles were made in the flight trajectory. This type of flight 
was also observed in the large field cage late at night, when moths traversed the width 
of the screened cage several times before finally landing on the wall or on the roof or, 
occasionally, on the weeds projecting above the vines. These flights were typically 
0.30 -3.00 m, or sometimes longer. The third type, the long-distance-vertical flight, 
was generally observed from late afternoon to dusk when a moth, which had been 
concealed in the vines, was disturbed. The moth suddenly emerged from vines with 
rapid wing movement and flew to the top of trees adjacent to the bog or into the sky. 
This type of flight was sometimes observed when moths were released from holding 
cages (although the majority dived into the vines). 
Regarding response to light, moths typically flew toward low light, such as the 
setting or rising sun. At night, moths generally rested on the side of the field cage 
where maximum moonlight was falling. Similarly, in the early morning, they were 
found on the eastern side of the cage facing the rising sun. At sunset, they were found 
on the western side of the cage facing the setting sun. 
Male moths were seen flying short distances in a frenzied manner near sunset 
(around 1930 - 2030 h) in the bog. They landed on the top of the cranberry uprights 
and moved their antennae vigorously. Such behavior seems like a characteristic 
response to sex pheromone produced by calling females, but this was not 
corroborated. Occasionally, a male landed vertically on the stem facing downwards, 
and continued to move its antennae. In the field cage, males were found, similarly, 
lying horizontally or facing downwards towards the vine surface and moving their 
antennae. In some cases, they maintained the position for three hours after dark 
(2230 -2300 h) when observations were terminated. In the small laboratory cage, 
males were found acting in this manner at around 2100 h (generally, after 2 h of 
scotophase). Males vibrated their wings and crawled or flew toward the females 
resting on the cage wall, roof, or on the floor. 
No wild moths were observed in copula in the bog. However, in the field- 
cage, released moths were found in copula on the wooden column supporting the 
screen-wall between 2300 and 0300 h, with a peak at around 0100 h (15 pairs). 
Released moths in the field cage started coming out of their hiding places in 
the vines at dusk, and were active as the night progressed. Initially, moths flew low 
(<1.0 m) over the vines. After each flight, moths landed on the vine or on a tall weed, 
or on the cage wall close to the vines. However, as the night progressed, they flew at 
a higher level, close to the roof of the cage, and, increasingly higher number was 
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found above 1.5 m height on the wall, or on the roof. In the morning, they moved 
back to their hiding places inside the vines. 
Oviposition 
Females were never observed laying eggs in the field. They were seen flying 
over the vines 1-2 h after dark in the bog. They flew short distances in ‘hops,’ 
‘fluttering’ their wings briskly like a helicopter with slow-paced forward movement 
and slow descent to the vine. The moths generally flew 0.20 - 1.00 m high over the 
vines before coming to land in the vines or a weed. 
Oviposition was observed in the laboratory between 2145 - 2200 h. Females 
crawled up the stem to the top of a cranberry upright and from there, to the top of 
berries. It then moved into position to touch the calyx cup with its antennae and 
forelegs. It then walked up and down the berry, bending its abdomen to touch the 
berry surface with the ovipositor (‘ovipositor dragging’). Finally, it inserted its 
abdomen inside the calyx cup and after examination with its ovipositor, began egg- 
laying inside the calyx cup. This stance lasted as much as 5 min, during which time 
the female was motionless and maintained a position of a bent abdomen with the 
ovipositor inserted into the calyx. It then pumped the abdomen up and down, and 
crawled up to another berry on the same upright and oviposited as above. Moths 
faced considerable difficulty holding onto the pendulous cranberry, particularly on 
larger berries (>5 mm diameter). In a few instances, where oviposition was observed 
in highbush (commercial) blueberries in the laboratory, the moth landed on the top of 
a berry, palpated it with the antenna, and directly initiated oviposition without 
crawling around the circumference of the berry as was observed in cranberry. 
Oviposition outside of berries 
In the screening of 1,000 cranberry uprights collected from the field, eggs 
were found only on the berries with none found elsewhere on the upright. Almost all 
of the eggs were laid inside the calyx cup, and a few laid on the surface of the berry. 
Time of oviposition 
There were significant differences in egg numbers laid among time treatments 
(F=3.16; df= 4; total df= 34; P=0.03) in 1996. Maximum oviposition occurred when 
moths were allowed to lay eggs undisturbed throughout the night (1900 to 0800 h) 
(mean = 20.14) (Table 3.2), with the next highest number observed from early 
evening (1900 h) to 2300 h (mean = 4.7). Although much higher numerically than all 
of the other time intervals tested, the only significant difference in egg number was 
observed between the all-night exposure and the two intervals begun later in the night 
(2100-0800 h and 2300 and 0800 h). 
The data from the oviposition experiment run in 1998, where moths were 
exposed to berries from early evening to midnight (1700 - 2400 h) or midnight to 
dawn (2400 - 0500 h) showed that significantly more eggs were laid in the first part 
of the night (t = -2.21; P=0.05). Oviposition levels were very poor; however, of a 
total of 27 eggs laid, 25 (93%) were laid before midnight. 
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Mating status of female moths 
A total of 194 female moths, exposed to males for different periods, were 
dissected. Of the 27 moths exposed to the males for 15 h following emergence (12 h 
L + 3 h D) none were mated (Table 3.3). Limited mating (6 %) occurred when 
females were exposed to males overnight (12: 12 h L:D). When males and females 
were together for 3 days 52% of females had mated, while 61% had mated when held 
with males plus host plants. Spermatophore number/ female also increased over time 
(Table 3.3). Of the mated females, four females in cages with host plants for three 
days had two spermatophores each, while the remaining 27 females contained a 
single spermatophore. 
Discussion 
Male and female emergence times were similar, with the majority of moths 
emerging from hibemacula between 1500 and 1900 h. In the first year that the 
emergence test was run, moths were observed emerging from 1500 h to 1900 h, and 
in the second year, the peak of emergence was later, between 1700 and 2100 h. 
However, there were differences in how the hibemacula were kept. They were kept 
individually in vials in 1997, and in 1998, batches of hibemacula were kept in cups 
covered with moist peat moss. Perhaps these holding conditions altered light levels 
reaching the hibemacula, or alternatively, moths in the cups may have been trapped 
inside the peat moss and thus, were recorded later. 
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Acrobasis vaccinii adults proved to be very difficult to observe in the field. 
Unlike some other lepidopteran species, where calling by females, courtship displays, 
and mating are readily observed, none of these behaviors were recorded during my 
field observations of wild moths. However, mating pairs among lab-emerged wild 
moths were found late at night in the cages. The use of a flashlight and red 
incandescent light for observation could have interfered with normal behavior. 
Moths were increasingly active as the night progressed, and flew high, close 
to the roof, in the field cage, as if they were ready to move away from the bog. This is 
consistent with the activity of moths in the upland reported earlier (Chapter II). 
Adult moths clearly exhibited three different flight patterns. These patterns 
may be adaptive to enhance mate finding or oviposition; for example, the slow-paced 
fluttering flight may help to disperse pheromone at a level higher than the vines. The 
long-distance flight into the trees surrounding the bog is likely involved with moth 
movement into the trees for mating or feeding, as is suggested in Chapters I and II. 
Starting at 2000 h in the field cage, males exhibited increased activity (short 
‘frenzied’ flights) and this may have been in response to calling females. Further, 
males exhibited apparent courtship behavior in lab cages around 2100 h. These are 
perplexing observations, since a pattern of early evening calling/mating activity is 
inconsistent with other observations. First, mating pairs were not observed until 
several hours later, with peak numbers counted at 0100 h. Also, in pheromone and 
light trap studies, it was found that male captures were never high until midnight or 
later on the bog; often peak captures occurred in the hours just prior to dawn (Chapter 
II). Perhaps the fact that the moths observed in the field cage emerged in the lab and 
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were caged and handled resulted in a skewed cycle of activity in the moths. 
Considerably more work will be required to definitively establish the calling cycle in 
females along with the male’s pattern of response to such a cycle. 
In non-migrant species, calling behavior is usually observed within 24 h 
following emergence (McNeil et al 1997). An effective reproductive strategy would 
be to mate as soon as possible following emergence, because any delay would only 
have potentially negative effects on overall lifetime reproductive success (McNeil et 
al 1997). However, if a female does not mate immediately, male emergence should 
be timed to coincide with the temporal pattern of female ‘receptivity’ rather than 
simply presence of newly emerged females (Thornhill and Alcock 1983). In the case 
of cranberry fruitworm, a longer searching interval after moth emergence would 
enhance its chances of mating (Carde et al 1974). We would expect oviposition to 
begin as soon as the moths have mated, but this activity could be delayed in certain 
cases, owing to such factors as availability of egg-laying sites. Owing to the fact that 
oviposition occurs in the first part of the night and mating in the second part, newly 
emerged A. vaccinii females would probably delay oviposition until the following 
evening, following mating. If not, the first laid eggs would not be viable. This may 
occur since unfertilized eggs were found in berry collections (Sharma, personal 
observation). In tobacco homworm moths, Shimoda and Kiguchi (1995) reported 
that most oviposition (80%) occurred the day after mating. 
Under field conditions, cranberry fruitworm moths laid eggs in the calyx cup 
of cranberries and no eggs were found on other parts of the plant. Although egg- 
laying was highly variable, it was clear that oviposition occurred in the early part of 
night, one to three hours after sunset. During observations of wild moths in the field, 
there was considerable flight activity over the vines at this time, and although they 
were likely to be females, there is no definitive evidence that this was the case. 
Table 3.1. Cranberry fruitworm emergence from hibemacula in the laboratory, 1998. 
Time (h) 
Number of moths Percent emerged 
Male Female Total Male Female Total 
2300-0700 2 4 6 0.9 1.8 1.4 
0700-0900 1 3 4 0.5 1.3 0.9 
0900-1100 4 2 6 1.9 0.9 1.4 
1100-1300 6 10 16 2.8 4.5 3.7 
1300-1500 12 26 38 5.6 11.6 8.7 
1500-1700 22 19 41 10.3 8.5 9.4 
1700-1900 100 84 184 46.9 37.5 42.1 
1900-2100 62 73 135 29.1 32.6 30.9 
2100-2300 4 3 7 1.9 1.3 1.6 
Total 213 224 437 48.7 51.2 100.0 
Table 3.2. Oviposition by cranberry fruitworm moths, A. vaccini, during different 
periods of night in field cages, 16-22 July1996, East Wareham, MA. 
Time 
(h) 
Number of eggs laid 
(Mean + S.E.) 
1900-2100 1.8+ 0.7 
(0.3) 
a b 
1900-2300 4.7+ 3.5 
(0.4) 
a b 
1900-0800 20.1+7.7 
(1.0) 
a 
2100-0800 1.1 +0.4 
(0.3) 
b 
2300 - 0800 1.6+ 0.9 
(0.3) 
b 
Values in parentheses are means after log (X +1) transformation. 
Means followed by the same letter in a column are not significantly different 
[(Tukey’s studentized range (HSD) test (P < 0.05)]. 
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Table 3.3. Percent mating and number of spermatophores per female 
when A. vaccinii females were confined with males for various 
intervals, with and without cranberry foliage. 
Exposure time (h) % mated 
No. spermatophores/ 
female 
Without host foliage: 
15 0 0 
24 6 0.1 
72 52 0.5 
With host foliage: 
72 61 0.7 
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Figure 3.1. Number of wild cranberry fruitworm moths observed flying in 
the field during half-hour intervals over the night. 
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CHAPTER IV 
MONITORING CRANBERRY FRUITWORM, VACCINII, IN 
WILD AND CULTIVATED VA CCINIUM HOSTS 
Abstract 
The cranberry fruitworm (Acrobasis vaccinii Riley) is oligophagous. In 
addition to cultivated cranberry (Vaccinium macrocarpon Ait.) and highbush 
blueberry (V. corymbosum L.), reported hosts include lowbush (low sweet) blueberry 
(V. augustifolium Ait.) and black huckleberry (Gaylussacia baccata (Wang.) K. 
Koch). Previous studies (Chapters I and II), showed that A. vaccinii adults are very 
mobile, and that both sexes are captured in the surrounding woodlands where wild 
hosts are found. The objectives of this study were to compare the flight activity and 
detectable infestation levels among the various hosts of A. vaccinii. Trapping was 
done in adjacent plantings of cranberry and highbush blueberry in 1996 and also in 
wild hosts in 1997. In general, there was a high positive relationship between male 
captures in cranberries and blueberries, but the relationship between moth flight and 
infestation was poor. Onset of flight occurred in the first to second week of June. A 
bimodal flight pattern was observed. Moths were recorded a week earlier in 
blueberry compared to cranberry; initially, more moths were captured in blueberry 
than in cranberry, but later, more moths were captured in cranberry. Similarly, egg 
and larval infestation in blueberries was recorded earlier than in cranberries. The last 
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capture of moths was recorded in woodland traps, 7-16 days after the last capture in 
the bog. In cranberry, viable eggs and larvae were recorded at all sites. However, in 
blueberry, viable eggs were recorded at only one site and only hatched eggs were 
recorded at other sites. Larvae and larval damage were recorded only in cranberries 
and commercial blueberries. Although a few damaged berries were recorded in the 
wild host plants, no larva was found, so the infestation could only tentatively be 
attributed to A, vaccinii. In 1997, three hatched eggs, believed to be those of A 
vaccinii, were collected in wild hosts. Trap capture data suggest the existence of a 
population originating on wild hosts, but further studies are needed to confirm this 
possibility. Implications of this study for effective management of cranberry 
fruitworm are discussed. 
Introduction 
The cranberry fruitworm (Acrobasis vaccinii Riley) is oligophagous, with a 
host range limited to the only North American genera within the tribe Vaccinieae, 
Vaccinium and Gaylussacia (Nuenzig 1986, Vander Kloet 1988). The moth is most 
abundant in northeastern North America, where it is indigenous, but can be found 
west to Wisconsin and south into Texas (Franklin 1948). It is the most widespread 
and serious insect pest of cultivated cranberry (Vaccinium macrocarpon Ait.) in 
Massachusetts, and in the absence of effective management, typically destroys 25- 
75% of the crop (Averill and Sylvia 1998). Although the species is univoltine, in 
cranberry in southeastern Massachusetts, moths emerge over several months, from 
May to September, with the peak population appearing at the end of June to early 
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July. The onset of oviposition coincides with the appearance of small berries, peaks 
in the first half of July, and may continue to late August. Eggs are placed on the inner 
rim of the calyx cup of the unripe berry and upon hatching, the neonate larva typically 
migrates to the stem end where it enters the berry. Once the larva is ensconced inside 
the fruit, having covered its entrance hole with a mat of silk, control measures are not 
effective (Averill and Sylvia 1998). Larvae move from one berry to the next, 
requiring several berries to complete development. The last instar overwinters within 
a silken hibemaculum on the bog floor, pupating in the spring. 
Acrohasis vaccinii is also a key pest in highbush blueberry (Vaccinium 
corymhosum L.) fields throughout most U.S. growing areas, and infestations are a 
concern in the northeast US (Pritts and Hancock 1992), including western 
Massachusetts (S. Scholemann, personal communication). In contrast, at the onset of 
this study, in southeastern Massachusetts, no commercial blueberry growers 
considered A. vaccinii to be a problem in their fields (Sharma, unpublished data). In 
Michigan fields, Mallampalli and Isaacs (2002) assert that A. vaccinii is the most 
economically important insect pest in the early part of the growing season, where 
peak egg-laying occurs at the end of May. Later instar larvae often silk together 
berries within a cluster, forming a mesh of webbing and dried frass. In addition, the 
infested berries are filled with frass, turning them prematurely blue. 
In cranberry, eggs are more abundant near the bog’s ditches (trenches that 
encircle the bog and also run between beds within a bog) (Rogers 2000) and in 
blueberry fields, are aggregated at edges closer to the wood (Mallampalli and Isaacs 
2002). In both crops, there are hotspots within a planting (Rogers 2000, Wise et al. 
. 
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2004). Historically, assessments of the plant’s phenology have provided a reliable, 
but prophylactic, estimate to predict the peak egg-laying interval. For blueberry, the 
rule of thumb was to apply a control when the green berries began to touch one other 
(Los 2004), and for cranberry, to act 3-10 days (depending upon cultivar) after 50% 
of fruit have set (Averill and Sylvia 1998). 
Work to improve monitoring of populations using pheromone-baited traps has 
been ongoing for over a decade, with variable success. The female sex pheromone of 
A. vaccinii was identified as a blend of 100:4 (E,Z)-8, 10-pentadecadien-1 -ol and (E)- 
9-pentadecen-1-ol-aceate (McDonough et al. 1994), and as reported in Chapter I, 
more males are captured when the trap is placed well above (0.5-1.0 m) the cranberry 
vines. In highbush blueberry, Sarzynski and Liburd (2004) found that traps placed 
between 15 and 60 cm below the uppermost branch were optimal height for 
monitoring A. vaccinii activity. 
Integration of pheromone trapping into highbush blueberry IPM 
recommendations is well underway. In Michigan, monitoring to determine peak trap 
catch is used to trigger scouting for eggs (Wise et al. 2004), as it has been shown that 
male and female adult emergence is synchronous (Tomlinson 1966). Connecticut, 
New Jersey, and New York suggest that the first insecticide application for A. 
vaccinii should occur one week after observation of peak in trap catches (Los 2004). 
This approach has also been adopted by Massachusetts management programs 
(Schloemann, personal communication), but to our knowledge, no quantitative study 
of pheromone trap catches and onset of significant infestation has been carried out in 
southeastern Massachusetts. In contrast, in cranberry, assessments of catch vs. peak 
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egg-laying have been completed, and no relationship between timing of captures and 
oviposition of females emerged; thus, no guidelines for use of pheromone traps have 
been established. Generally, peak numbers of males are captured early in the season, 
often prior to the appearance of cranberries suitable for oviposition (Averill and 
Sylvia 1998). 
The mark-recapture study showed that A. vaccinii adults are very mobile, 
moving into and out of bogs following release. Also, for wild populations, both sexes 
are captured in high numbers in traps placed above the understory as well as in trees 
in the woodlands surrounding cranberry bogs (see Chapter I). Likewise, Sarzynski 
and Liburd (2004) recorded high captures of males in traps placed 4.5 m up in trees 
surrounding Michigan blueberry fields. According to Mallampalli and Isaacs (2002), 
most highbush blueberry production in the U.S. occurs in low-lying habitats of 
cleared woods or riparian areas that are edged by woodlands containing wild 
blueberry hosts of A. vaccinii. Massachusetts cranberry beds are also often 
surrounded by woodlands, given that bed construction typically occurred through 
manipulation of the native ecosystem in acidic bogs and wetlands (Dana 1990). 
Indeed, lowbush (low sweet) blueberry (V. augustifolium Ait.) and black huckleberry 
(Gaylussacia baccata C. Koch), both of which are reported hosts of the moth 
(Beckwith 1941, Franklin 1948, Nuenzig 1986), grow extensively in wild stands 
throughout the woodland understory surrounding cultivated cranberry beds. It is not 
known if populations of A. vaccinii are supported by these wild hosts. This open 
question could have important implications for commercial production. 
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In the work reported here, the objective was to compare the flight activity and 
detectable infestation levels among the various hosts of A. vaccinii. Trapping was 
done in adjacent plantings of cranberry and highbush blueberry and also in wild hosts, 
which grew extensively in woodlands near the cranberry bogs and blueberry fields. 
Highbush blueberry was sampled to compare seasonal activity with that in cranberry, 
to determine the insect’s pest status in southeastern Massachusetts, and to assess 
whether or not these fields could be the source of colonizers to nearby cultivated 
cranberry. The extent of wild reservoirs of A. vaccinii was also evaluated by 
determining infestation levels in lowbush blueberry and black huckleberry. 
Materials & Methods 
Pheromone trapping 
Four farms, Eagleholt, Rosebrook, State Bog, and Hiller, where cranberry and 
blueberry were grown adjacently, were selected in 1996. At the first three sites, the 
bog was 8-10 ha with a field of 50-100 blueberry bushes. The cultivated blueberry 
area was much larger (ca. 3 times) at Hiller compared to that at other sites and was 
surrounded by cranberry beds. With the exception of Hiller, at each of the other sites, 
blueberry was planted adjacent to cranberry and also bordered the woods. At 
Rosebrook, the cranberry bed was planted the previous year so fruit was sparse in 
1996 and still low in 1997 (cranberry requires 3-4 years to fully establish). 
Two winged sticky traps (Pherocon ®), baited with a pheromone lure, were 
set up in the cranberry bed and the blueberry field. Both traps in the blueberries were 
set 1.20 m high on a pole at least 20 m away from any other trap. The traps in the bog 
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were placed at least 5 m away from the bog edge, and were located at least 50 m 
away from the nearest trap in the blueberries. The traps were checked weekly 
beginning 4 June until the end of August, with the exception of the Hiller site, where 
the monitoring was discontinued after 16 July at the request of the grower. Lures 
were replaced every four weeks. The pheromone lures were provided by Les 
McDonough (USDA, Yakima). 
The study was repeated in 1997, but the State Bog site was dropped and only a 
single trap was monitored in cranberry and blueberry. In addition, a single trap was 
set up in the adjacent woods where lowbush blueberry and black huckleberry were 
growing abundantly. The woods traps were placed above the canopy of the wild 
blueberries (ca. 1.3 m high), and were positioned at least 50 m away from the nearest 
bog edge. Traps were deployed on 9 May. They were monitored weekly until the 
first catch was recorded, then monitored twice a week until the end of August, and 
then monitored until no moths were recorded for two consecutive weeks at all trap 
sites (end September). 
Sampling for eggs and larvae 
In 1996, approximately 200 cranberries and blueberries were randomly 
sampled each week at each site and inspected for A. vaccinii eggs, larvae, and 
damage. Samples from cranberry were collected in a transect across the bog and 
blueberries were sampled from top, middle and bottom of each alternate bush/tree in 
rows until the sample size was obtained. The sampling and inspection of berries 
continued in 1997 and 1998, with additional samples collected from the wild 
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blueberries and huckleberries in the woodlands. Samples from wild berries were 
collected from randomly selected alternate plants/bushes available in the area 
surrounding the woodland traps and some plants were visited more than once in order 
to reach the required sample size. In 1998, randomly selected blueberry plants were 
also inspected in the field for any trace of A. vaccinii damage at Hiller, Eagleholt and 
Rosebrook. Fifty plants were inspected at each site and if a cluster was found 
damaged, it was collected and examined for the presence of larva in it. 
Data analyses 
The population of moths was not uniform over bogs and also varied over the 
season. There were also differences in the intervals when traps were monitored at 
some of the locations. Thus, the raw data for each observation day was used to arrive 
at the number of moths captured per trap per night for that location. The data were log 
(X+l) transformed to avoid heterogeneity. Transformed data were used to determine 
relationships between moth captures in the cranberries, the blueberries, and the 
woodlands, respectively, using linear correlation in Statistix (Analytical Software 
1996). Because the sample size was low, analysis of variance among the treatments 
was not performed. 
The level of detected infestation was low in both 1996 and 1997, so both egg 
count data (including total viable, nonviable and parasitized eggs as well as hatched 
eggs) and larval count data for each berry were pooled to arrive at an overall 
infestation level. These were analyzed separately for each location. The pooled 
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infestation data were log (X+l) transformed and correlations were performed to 
determine the relationship between moth counts and the level of field infestation. 
Results 
Pheromone trapping 
In general, there was a high positive temporal correlation between male 
captures in cranberries and blueberries at three of the four bogs, Eagleholt (r=0.81; 
P=O.Q01), Rosebrook (r=0.89; PO.OOl) and the State Bog (r=0.91; PO.OOl) in 1996. 
A bimodal flight pattern was observed at each, with an onset of flight occurring in the 
first to second week of June in both crops. At two locations, Eagleholt and 
Rosebrook, moths were recorded a week earlier in blueberries, on 4 and 11 June, 
respectively, than in cranberries. At Hiller, moths were found on the same day (4 
June) in both blueberry and cranberry. However, at State Bog, a single moth was 
captured on 4 June, one week earlier, in cranberry than in blueberry. In all locations, 
except State Bog, in the initial two weeks, higher numbers of moths were captured in 
blueberries than in cranberries; however, at State Bog, identical numbers of moths (14 
each) were captured in both blueberry and cranberry in the first two weeks. At Hiller, 
although the cranberry flight also appeared bimodal, males were captured earlier and 
in higher numbers (six times more) (252) in highbush blueberry than in cranberry 
(38), but then in July (compared until 16 July when monitoring ended in blueberries), 
more than twice as many moths (523) were captured in cranberry traps (268) (Fig. 
4.1a); thus, the correlation in captures between the two crops was much lower 
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(r=0.49; P=0.27). At the Rosebrook site, where the cranberry bed was recently 
replanted, moth numbers in cranberry were noticeably lower on all dates (132) when 
compared to blueberry (385) (Fig. 4.1c). 
In 1997, onset of flight occurred on 12 June (9-12 June period) only, although 
monitoring of moth started earlier (9 May) than in the previous year (29 May -3 
June). The moth was first recorded, (a single moth), in highbush blueberry on 16 June 
in Rosebrook; however, no moth was recorded in cranberry until 4-7 days later at all 
locations. Proportionately higher numbers of moths were caught in wild berries and 
highbush blueberries, initially in the first 2 weeks, compared to that in cranberry, 
except at one location, Eagleholt, where, no moth was caught in highbush blueberry 
until 14 July. However, after a period of 2-3 weeks, number of moths caught in 
cranberry was higher than (or identical to) that trapped in other berries in the upland. 
No moths were trapped in cranberries after 26 August at all locations. The last 
capture of moths was in Eagleholt woodland traps on 11 September, 16 days after the 
last capture in the bog. Similarly, at Hiller, moths were caught in woodlands on 4 
September, 16 days after they were last caught in cranberry bog at that site; at 
Rosebrook, moths were caught in highbush blueberry and woodland on 28 August, 7 
days after they were last captured in the bog. The pattern of male captures at the three 
host sites varied widely. More moths were captured in other two berries than in 
cranberry at Hiller and Eagleholt, with the highest recorded in wild berries, followed 
by highbush blueberry. Whereas, at the third location, Rosebrook, the highest number 
was recorded in cranberry, followed by highbush blueberry, and the least in wild 
berries. A high positive correlation in moth numbers was noted only at Hiller 
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(cranberry and blueberry: r=0.84, PO.OOl; cranberry and woodland: r=0.81, 
P<0.001; blueberry and woodland: r=0.90; PO.OOl) and at Rosebrook for the 
blueberry and woodland comparison (r=0.84; PO.OOl). At Rosebrook, there was no 
relationship between the captures in cranberry and the woodland (r=0.24; P=0.32) and 
only a poor, though positive, relationship was found between cranberry and blueberry 
captures (rO,58; P-0.01). At Eagleholt, all correlations had positive r values 
between 0.45 and 0.58 (P<0.05). 
At Eagleholt and Rosebrook, moth activity began ca. 2 weeks earlier in the 
uplands or in blueberry, respectively, before cranberry (Fig. 4.2), while at Hiller, 
onset was more synchronous. The peak activity in blueberry at Rosebrook and 
Eagleholt occurred late when compared to the previous year, in the third week of 
July, while at Hiller an extended peak occurred from 21 June to 7 July. Peak activity 
in cranberry was two weeks earlier at Eagleholt than at the other sites. 
Egg and larval sampling 
In both years, sampling began at fruit set: blueberry began in early June and 
cranberry began in the first week of July (Figs. 4.3, 4.4, and 4.5). First observed 
damage was recorded 2 to 7 weeks later in cranberry than in blueberry in both years, 
with the exception of Eagleholt in 1997, where damage was detected in both hosts in 
mid-July. 
In 1996 in cranberry, viable eggs and larvae were recorded at all four sites. 
However, in blueberry, while larvae were found at all sites, viable eggs were recorded 
at only at Rosebrook, and only hatched eggs were recorded at Eagleholt and Hiller. 
Larvae and larval damage were recorded only in the cranberries and the commercial 
blueberries. Although a few damaged berries were recorded in the wild host plants, 
no larva was found, so the infestation could only tentatively be attributed to A. 
vaccinii. In 1997, eggs clearly identified as those of A.vaccinii were found only in 
cranberry, with three hatched eggs, believed to be those of A. vaccinii, collected from 
19 June to 15 July in wild hosts. Live larvae and damage of A. vaccinii were found in 
both cultivated hosts; only a few damaged berries were collected from the wild hosts, 
and these could not be conclusively attributed to A. vaccinii. In 1998, viable eggs 
were found in cranberry, hatched eggs in blueberry, and no eggs in wild hosts. The 
number of eggs found was low at all locations. Among the visually inspected 
highbush blueberry bushes, 13 clusters were infested with larvae on 8 July at Hiller; 
none were recorded at other locations or collection dates. Examination of moth 
captures in view of egg and larval infestation for each crop (Figs. 4.3, 4.4, and 4.5) 
showed that there was a 2-3 week delay between significant moth flight and 
discovery of first eggs in cranberry. In contrast, in blueberry, infestation was variably 
related to significant moth captures. For example, in 1996 at State Bog and Hiller, 
damage was observed 1-2 weeks after male captures, at Rosebrook, damage and 
captures were coincident, and at Eagleholt, damage was recorded prior to high 
capture numbers. Similarly, in 1997, at the three sites, damage was recorded before, 
coincident with, or after significant numbers of males were captured. 
When correlation analysis was performed, no relation was observed between 
number of males captured and berry damage levels in either year. Similarly, there 
was no significant relationship between the moth population and the total number of 
eggs and larvae recorded in the berries. 
Discussion 
All of the cultivated blueberry fields were infested with A. vaccinii, leading 
one to conclude that this insect should be given pest management consideration in 
southeastern Massachusetts. However, only further surveys will determine whether or 
not this is true for sites that are not adjacent to cranberry beds, possibly a persistent 
source of colonizing moths. Likewise, cranberry beds could be invaded by earlier¬ 
emerging adults from highbush blueberry fields. 
This study provided unconfirmed evidence of A. vaccinii infestation (hatched 
eggs and putative damage) in wild blueberry and huckleberry in 1997, and no 
infestation when populations were generally low in 1998. Based on work done in 
highbush blueberry (which may or may not be applicable to the wild hosts) 
(Mallampalli and Isaacs 2002), the sample size used in this study should have been 
sufficient to detect presence/absence of viable eggs and larvae reliably. However, in a 
separate study (A.L. Averill, unpublished data), employing a more intensive sampling 
of berries over the season (500/week), the wild hosts in the woodlands surrounding 
three of five bogs were found to harbor viable eggs. Here, a defined peak of egg- 
laying activity (1-2 % infestation) occurred just prior to 19 June. This coincides with 
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the early-season moth activity that was observed at three of four sites in the cultivated 
areas in 1996 and at two of the three sites in 1997. Two other lines of observation in 
the trapping data suggest the existence of a population originating on wild hosts. At 
Eagleholt in 1997, very early catches were recorded only in the woodland traps (two 
weeks prior to catches in the cultivated hosts) (Fig. 4.2). Second, substantial 
infestation in the cultivated blueberry field prior to significant captures of males (e.g. 
Eagleholt and Rosebrook 1996) could be explained by movement of wild females into 
the field. Other researchers have speculated that moths immigrate from wild hosts to 
colonize edges of blueberry fields, but relevant studies of wild population levels and 
immigration patterns have not been done (Beckwith 1941, Mallampalli and Isaacs 
2002). 
Regarding early-season flight, the relationship between moth flight and 
infestation was poor for highbush blueberry in both years; in fact, as noted above, 
substantial infestation sometimes preceded significant moth captures in some of the 
fields. Thus, relying on trap data to time control measures in blueberry appears to be 
very risky: male counts clearly did not reflect female activity in the field. This is also 
the case in cranberry, where the interval between peak moth capture and detection of 
eggs varied from zero to four weeks. Regarding moth numbers and level of 
infestation, this study showed no relationship. However, according to Mallampalli 
and Isaacs’s (2002) work in highbush blueberry, thousands of single blueberry 
samples are needed to arrive at 20% precision of the population mean. Sample size is 
unknown for cranberry. They attribute the need for high sampling intensity to the 
low population density of eggs and larvae. The sample of 200 berries in this study 
would have been insufficient to accurately estimate A. vaccinii populations. Thus, a 
considerably higher sampling effort will be required to determine if moth counts can 
be used to predict egg and larval numbers. 
The pattern of male flight in blueberry and cranberry was the same at all sites 
in 1996, with the exception of Hiller. At Hiller, there is a substantially larger field of 
blueberry when compared to the other sites, and early captures of males in blueberry 
occurred well prior to captures in cranberry. This suggests the existence of a 
blueberry population. Overlap in moth captures at the other sites suggests a single 
population with a synchronous emergence in both hosts. However, the 1997 patterns 
at Eagleholt and Rosebrook provide little evidence to support this; in the former, 
separate peaks of activity were seen at all three trap locations and in the latter, 
cranberry was dissimilar from highbush blueberry and the wild sites (which exhibit a 
similar pattern). In both years and at all sites, with the exception of Eagleholt in 
1997, the onset of detectable damage in blueberry was generally 2-6 weeks earlier in 
blueberry than in cranberry. This mirrors the considerably earlier availability of fruit 
in blueberry (early to mid-June) when cranberry bogs have not even entered bloom. 
Captures of moths in traps in the woodland and highbush blueberry at all three 
locations, although very low in number, 1-3 weeks after they were last found in the 
bog, suggested that moths were still in the upland after the conditions in the bog were 
not favorable. It is not clear whether or not the captured moths were those late 
emerging moths from bog that took shelter in the upland or were a separate 
population that had their origin in the upland. 
At all four sites in 1996, the flight appeared to be bimodal, with ca. one month 
separating the peaks. There is no clear explanation for this phenomenon. Brodel 
(1987a) found a similar pattern of emergence in southeastern MA when he placed 
large screen cages over infested cranberry beds to capture moths over the season. In 
contrast, A. vaccinii captured in light traps in New Brunswick cranberry by Maxwell 
and Morgan (1951) exhibited a unimodal flight, as did multi-year data of pheromone 
trap catches in Michigan highbush blueberry (Wise et al. 2004). 
Figure 4.1. Number of male moths captured in pheromone traps per night in 
blueberries and cranberries at four different sites in 1996. Trapping in blueberries was 
discontinued after July 16 at Hiller. Means plotted are log (X+l) transformed. 
(a) Hiller 
(b) Eagleholt 
(d) State Bog 
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Figure 4.2. Number of male moths captured in pheromone traps per night in adjacent 
sites at (a) Hiller, (b) Eagleholt and (c) Rosebrook in 1997. Pesticides were applied 
on cranberry at Hiller on July 3,16 and 24, at Eagleholt on June 22 and 30, July 9 and 
12, and August 18, and at Rosebrook on July 6,13 and 17. Pesticide was applied on 
blueberry at Hiller on July 31. Means plotted are log (X+l) transformed. 
(a) Hiller 
(b) Eagleholt 
(c) Rosebrook 
Figure 4.3. Moths captured in pheromone traps and infestation (total number of eggs 
and larvae) recorded in cranberries and blueberries at four different sites in 1996. 
Moth capture was discontinued on blueberries at Hiller after July 16. Means plotted 
are log (X+l) transformed. 
—•-Moth Crb —♦-Moth Bib 
- - -a ... Infestation Crb - - -a .. Infestation Bib 
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Figure 4.4. Moths captured in pheromone traps and infestation (total number of eggs 
and larvae) recorded in cranberries and blueberries at three different sites in 1997. No 
identifiable damage due to A. vaccinii was detected in wild berries, although three 
eggshells identical to it were discovered. Means plotted are log (X+l) transformed. 
Eagleholt-cranberry 
—t— Moth Crb 
- - -o - - Infestation Crb 
—*— Moth Bib 
—a - - • Infestation Bib 
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Figure 4.5. Infestation (total number of eggs and larvae) in cranberries and 
blueberries at (a) Hiller (b) Eagleholt and (c) Rosebrook in 1997. Approx. 200 berries 
were sampled each week at each location. No infestation was recorded in wild host 
plants. Means plotted are log (X+l) transformed. 
(a) Hiller 
(b) Eagleholt 
(c) Rosebrook 
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CHAPTER V 
OVIPOSITION PREFERENCE AND LARVAL PERFORMANCE IN THE 
CRANBERRY FRUITWORM, ACROBASIS VACCINII 
Abstract 
An extensive literature documents the adaptive nature of female oviposition 
choice in Lepidoptera and indicates that the average larval performance on hosts 
selected by females is superior to that on hosts rejected by females. However, other 
studies have not been able to link female preferences to any effects on offspring 
performance. The cranberry ffuitworm, Acrohasis vaccinii Riley, is an oligophagous 
pyralid, whose host plants are endemic to eastern North America and are confined to 
the tribe Vaccinieae, which contains the two genera Vaccinium and Gaylussacia 
(Vander Kloet 1988). As reported in previous chapters, studies showed that moth 
flight occurs throughout cultivated highbush blueberry (V corymbosum L.) fields 
surrounding cranberry beds as well as through the surrounding woodlands that 
contain wild highbush (also V corymbosum L.), lowbush (low sweet) blueberry (V. 
augustifolium Ait.) and black huckleberry [Gaylussacia baccata (Wang.) K. Koch]. 
Thus, it is possible that an A. vaccinii female may successively encounter several 
potential host plants in natural habitats. In this chapter, a preliminary investigation of 
the relationship between oviposition preference and larval performance is reported. 
i 
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In order to determine oviposition preference, moths were introduced into cages 
provided with cultivated and wild host plants in laboratory and field bioassays that 
were conducted under both choice and no-choice conditions. Larvae were reared 
separately on each of these hosts to determine suitability for larval growth and 
development. Oviposition was recorded on all host plants, but variability among 
replicates was high. Except in the no-choice field bioassay, numerically, a consistent 
rank pattern emerged of cranberry highest, huckleberry lowest, and the two blueberry 
species were intermediate. Analysis showed an overall pattern of a positive 
relationship between oviposition ranking and larval performance. For all tests, larval 
performance was better on the two cultivated hosts when compared to the two wild 
hosts. Larvae formed hibemacula in all the host plants tested. However, more than 
twice as many hibemacula resulted from larvae reared on cranberry and cultivated 
blueberry when compared to wild blueberry. Larvae on huckleberry had the lowest 
survivorship and this was significantly lower than that on the cultivated hosts. 
Introduction 
An extensive literature documents the adaptive nature of female oviposition 
choice in Lepidoptera (Wiklund 1975, Rausher and Papaj 1983, Singer 1983, 1984, 
1986, Papaj and Rausher 1987, Singer et al. 1988, Thompson 1988a, b) and indicates 
that the average larval performance on hosts selected by females is superior to that on 
hosts rejected by females. However, other studies have not been able to link female 
preferences to any effects on offspring performance (Underwood 1994, Bossart and 
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Scriber 1999, Courtney and Kibota 1990, Leyva et al. 2000). Several factors have 
been attributed to this lack of relationship of oviposition preference with insect fitness 
and include (a) selection of enemy- or competition free space (Hilker and Weitzel 
1991, Bjorkman et al. 1997, Koizumi et al. 1999) (b) evolution of host specificity 
(Van Klinken 2000) and (c) host shifts (Shorthouse 1994). Some other factors directly 
related to the host plant, such as leaf shape (Rausher 1978), and foliage hardness 
(Constant et al. 1996, Pasquier-Barre et al. 2001) have also been found to affect 
preference and performance on a host plant. Patch dynamics of plants may also 
influence choice, as females are likely to oviposit in a host that they encounter more 
frequently (Wiklund 1984, Bemays and Chapman 1993, Cunningham et al. 2001, 
West and Cunningham 2002). 
The cranberry fruitworm, Acrobasis vaccinii Riley, is an oligophagous 
pyralid, whose host plants are endemic to eastern North America and are confined to 
the tribe Vaccinieae, which contains the two genera Vaccinium and Gaylussacia 
(Vander Kloet 1988). All of the host fruits have an open calyx on the berry and the 
moth oviposits eggs individually on the inner wall of these calyxes (Rogers 2000). 
When the larva hatches, it typically migrates to the top of the berry where it enters the 
fruit and covers the hole with a silk plug. The larva utilizes several fruit to complete 
development. Adults emerge in the spring. The studies, as reported in Chapters I and 
IV, showed that moth flight occurs throughout cultivated highbush blueberry (V 
corymbosum L.) fields surrounding cranberry beds as well as through the surrounding 
woodlands that contain wild highbush (also V corymbosum L.), lowbush sweet 
blueberry (V augustifolium Ait.) and black huckleberry [Gaylussacia baccata 
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(Wang.) K. Koch]. Thus, it is possible that an A. vaccinii female may successively 
encounter several potential host plants in natural habitats. 
This study reports a preliminary investigation of the relationship between 
oviposition preference and larval performance. In order to determine oviposition 
preference, moths were introduced into cages provided with cultivated and wild host 
plants in laboratory and field bioassays that were conducted under both choice and 
no-choice conditions. Larvae were reared separately on each of these hosts to 
determine suitability for larval growth and development. 
Materials and Methods 
Test plants 
Oviposition preference of female A. vaccinii moths was studied among four 
host species: cranberry (Vaccinium macrocarpon Ait.), highbush (cultivated) 
blueberry (V corymbosum L.), lowbush blueberry (V. augustifolium Ait.) and black 
huckleberry [Gaylussacia baccata (Wang.) K. Koch]. Test plants were collected from 
untreated sections of the University of Massachusetts State Bog and adjacent uplands 
in East Wareham, Massachusetts. It was not possible to use whole plants, so freshly 
collected, 15-20-cm long terminal cranberry shoots (called ‘uprights’) and branchlets 
were used. As soon as it was collected, plant material was dipped in water and held 
in separate plastic water-piks inside a cooler, to preserve the quality of berries before 
use. The berries were inspected with a microscope to exclude any with infestation or 
damage. Each test plant utilized in a test had approximately the same number of 
berries on it. 
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Test insects 
Moths were reared from hibemacula produced by larvae that originated from 
infested cranberries collected from bogs in eastern Massachusetts in the previous 
year. Late-instar larvae were reared in the lab on cranberries until they formed 
hibemacula. The hibemacula were stored at 10° C in moist peat moss. When needed, 
hibemacula were taken out of the storage, and held in emergence cages at * 24° C. 
Each morning, all newly emerged moths were individually collected in 5-ml glass 
vials, sexed, and transferred to separate holding cages, until they were released into 
the experimental cage. The moths were provided a 10% honey solution and water. 
Laboratory bioassay of host preference 
Choice and no-choice conditions were set up using two water-piks containing 
host-plant inside a 20 x 20 x 20- cm size Plexiglas and nylon screen cage. In the 
choice experiment, each of the four test plants was randomly placed in a comer inside 
the cage. In the no-choice experiment, only one test plant was provided in the center 
of the cage. In 1997, five pairs of moths were randomly introduced into each 
experimental cage and kept at» 24° C at 16L: 8D for five days. The berries were 
replaced daily, in order to preserve berry quality and to provide adequate oviposition 
substrate for the moths. There were ten replications in the choice study, and six in the 
no-choice study. However, only nine replications were used for final analysis in the 
choice study, as there was no eggs laid in one replication. 
A 
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Field bioassay of host preference 
In 1997, choice and no-choice bioassays were conducted in 1.20 x 1.20 x 0.50 
m wooden-framed, screened cages in an open area, and plant material bearing fruit 
was provided in four comers of the cage. Ten pairs of 1-3 day old moths were 
introduced into each cage and held on the test plants for 5 days. Host material was 
replaced daily. The cage was protected from direct sun or rain, and was gently 
irrigated with water daily in order to maintain adequate humidity. Ten replications of 
the choice bioassay were conducted and eight of the no-choice. 
Larval growth and development 
In 1996, ten pairs of 1 -3 day-old moths were randomly introduced into a cage 
containing material of one of the four host plants, described above. Cages were held 
at « 24° C and 16L: 8D for five days. This was replicated four times. Eggs laid on the 
different berries in each replication were kept separately in 30 ml plastic cups lined 
with moist filter paper at« 24° C. Resulting larvae were provided the same species of 
berries until they produced hibemacula. Larval survivorship and days to hibemacula 
were recorded. 
In 1997, two trials examining larval performance on the various hosts were 
run. In Trial 1, third or fourth instar larvae were collected from infested cranberries 
in the field. The larvae were placed over moist filter paper in a Petri dish, starved for 
6-12 hrs, then provided water, and weighed (Mettler Instrument Corp., Hightstown, 
N.J.). Each larva was held separately in a plastic cup lined with moist filter paper and 
provided with a comparable level of fruit material of one of the four hosts. After five 
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days, the larvae were starved for 6-12 h and then provided with water prior to being 
weighed a second time. The berries utilized were also separately weighed before and 
after the experiment, with and without any frass produced by the larvae, to determine 
the weight loss in berries due to larval feeding. The amount of frass produced by the 
larva in each berry was also calculated. As there were fungal infestations in some 
replications of the experiment, these were discarded. Eight replications were 
conducted for cranberry and cultivated blueberry, 14 for wild blueberry, and 12 for 
huckleberry. 
In Trial 1, there was considerable variation in weight gained, even within the 
same treatment. Because this may have been due to the variability in water uptake by 
an individual larva, in Trial 2, the larvae were not starved or provided water. Instead, 
third or fourth instars from cranberry collected in the field were individually weighed 
and then directly introduced to each host berry. The weight gained by the larva reared 
on each host plant was recorded after five days. The percentage weight gained by the 
larva as a ratio of its original weight was calculated. 
Data analyses 
For the choice and no-choice bioassays, as the data for all experiments in 1997 
and 1998 were heterogeneous (Bartlett’s test), data were log (X+l) transformed, and a 
two-way analysis of variance was performed on the number of eggs laid on each host 
with host and replicates as main effects using general analysis of variance /general 
analysis of co-variance (GAOW AOCV) procedure in Statistix (Analytical Software 
1996). The means were compared by a Tukey’s (HSD) test (P < 0.05). 
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For the larval growth and development study examining number of eggs that 
completed larval development, the number of hibemacula formed in each host fruits 
was analyzed by 1-way Kruskal-Wallis non-parametric ANOVA because the data 
were heterogeneous by Bartlett’s test even after it was transformed. Mean ranks were 
compared in Statistix (Analytical Software 1996) (P < 0.05). 
In the two trials where initial and final weights were assessed, the number of 
larvae was both low and unequal among different berries; thus, it was not possible to 
perform an analysis of variance. Therefore, only mean and standard errors were 
calculated. 
The relationship between the rank hierarchy of oviposition preference and 
host suitability for larval development (number of hibemacula produced in the 
experiment in 1996, and the percent weight gained by the larvae in the two trials in 
1997) was determined by using linear correlations in Statistix (Analytical Software 
1996). 
Results 
Bioassay of host preference 
Oviposition was recorded on all host plants, but variability among replicates 
was high in the 1997 lab and field bioassays (Table 5.1). Except in the no-choice 
field bioassay, numerically, a consistent rank pattern emerged of cranberry highest, 
huckleberry lowest, and the two blueberry species intermediate. Statistical analysis 
showed significant differences between cranberry and huckleberry in all cases except 
for field no-choice study. In the field-choice, there was no difference between 
cranberry and the two blueberries (F=7.38; error df=39; PO.OOl). Similarly, in the 
lab-choice, cranberry and cultivated blueberry were not found different (F=6.30; error 
df=24; P=0.003), however, cranberry was found different from the two wild berries, 
while the cultivated blueberry was not. In the lab no-choice, cranberry was found 
significantly different from all other berries (F=9.94; error df=15; P<0.001). In the 
no-choice experiment in the field, numerically, cultivated blueberry ranked highest, 
with wild blueberry and cranberry intermediate, and huckleberry lowest, although not 
significant (F=2.56; error df=18; P=O.09). Here, there was considerably more 
variability in egg counts in commercial and wild blueberry (SE = 24.73 and 21.01, 
respectively) than in cranberry (SE = 12.77). Oviposition levels in 1997 were low in 
all experiments. 
Larval growth and development 
For all tests, larval performance was better on the two cultivated hosts when 
compared to the two wild hosts. Larvae formed hibemacula in all the host-plants 
tested (Table 5.2). However, more than twice as many hibemacula resulted from 
larvae reared on cranberry and cultivated blueberry when compared to wild blueberry. 
Larvae on huckleberry had the lowest survivorship and this was significantly lower 
than that on the cultivated hosts. 
In Trial 1 in 1997, when the larvae were starved and provided water prior to 
introduction of host fruit, the mean percent (± SE) weight gained by the larva was 
highest in cranberry (32.82 ± 10.69), followed by cultivated blueberry (23.01 ± 
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12.78) and wild blueberry (3.12 ± 7.77). Percent change on huckleberry was 
negative. Similarly, the mean weight (±SE) of trass (mg) produced was highest in the 
cranberry cohort (7.91 ± 3.17), followed by cultivated blueberry (4.61 ±1.34), wild 
blueberry (2.29 ± 0.66), and huckleberry (2.16 ± 0.57). The percent weight loss in 
consumed berries was highest in wild blueberry (33.23 ± 5.12), followed by 
huckleberry (30.38 ± 6.08), cranberry (24.82 ± 3.72), and cultivated blueberry (20.34 
±3.83). 
In Trial 2, where the larvae were not manipulated prior to the test, percent 
weight gained as a ratio of body weight was about 40%-60% higher in cultivated 
blueberry and cranberry (mean % weight gain =107.38 and 94.91, respectively) in 
comparison to wild blueberry and huckleberry (mean % weight gain = 42.37 and 
58.58, respectively) (Table 5.2). 
The correlation matrix (Table 5.3) showed an overall pattern of a positive 
relationship between oviposition ranking and larval performance. There were 
significant relationships between female choice in the field cage in 1997 and the % of 
eggs that formed hibemacula in 1996 (r=0.93, P=0.03) as well as between female 
choice in the field cage in 1997 and % weight gained by the larvae in Trial 1 in 1997 
(r=0.99, P0.001). However, the relationship between the 1997 field cage choice and 
larval performance in Trial 2, although positive, was not significant (r=0.53, P=0.27). 
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Discussion 
All of the hosts were accepted for oviposition, but there was variability within 
and among the tests. Harris et al. (2001) concluded that an in-depth knowledge of the 
insect’s biology is required to design valid experiments in preference/performance 
studies, and in the absence of such an understanding, studies can provide only an 
imperfect look at host selection. Little is known regarding A. vaccinii behavior, and 
many factors, such as mating status were not accounted for in bioassays. The 
discrepancies seen in the results between bioassays in large vs. small cages could 
have resulted from an incomplete appreciation of the natural flight and arrival 
behaviors of A. vaccinii or movement following successful oviposition. Moreover, 
similar to many other studies of host preference, groups of females were used in 
bioassays in this study; Thompson and Pellmyr (1991) provide the reasons why 
testing of individual females is preferable. For example, they point out that by 
looking at the outcome from multiple females, variation in preference among females 
may be masked. Further, competition among females for oviposition sites may result 
in more uniform distributions of eggs. It remains to be seen whether improved 
methodology will provide a consistent ranking of A. vaccinii hosts. 
Two estimates of performance were assessed in this study, larval growth rate 
and survival to the final instar, which forms a hibemaculum. Both revealed the same 
pattern: good performance on the two cultivated hosts and poor performance on the 
two wild hosts. It must be noted that these estimates only provide a partial analysis 
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of performance. Pupal mass, resulting adult fecundity and longevity, as well as other 
components of performance could be assessed. However, even if all of these 
parameters had been measured, Thompson (1988a) warns that the components of 
performance assessment may not always be correlated. Scheirs and De Bruyen 
(2002) have shown that the thistle-feeding beetle, Altica cardurorum Guer., feeds and 
oviposits on the host that best enhances adult performance, not offspring 
performance. They found that the correlations between host preference (feeding and 
oviposition preference) and adult performance (realized fecundity) were nearly 
perfect, while those between host preference and offspring performance measures 
(survival and development time) were always weaker. Therefore, all fitness 
parameters contributing to lifetime fitness, at least that show variation among hosts, 
should be investigated (Scheirs and De Bruyen 2002). 
In spite of the many potential constraints on the validity of this study, a 
relationship between oviposition preference and larval performance was found. A 
numerical hierarchy in oviposition preference was clear in the small-cage lab 
bioassays (cranberry > cultivated blueberry = wild blueberry > huckleberry), while in 
the large-cage field bioassays, oviposition was more or less equal across all hosts 
except huckleberry, which was less preferred. The wild hosts generally received far 
fewer eggs and were considerably less suitable for larval growth. Although larvae 
fed on black huckleberry, only a rare individual completed development and, in one 
of the feeding trials, the larvae lost weight. Huckleberries do have large ‘bony’ seeds 
in comparison to much smaller ones in Vaccinium hosts (Vander Kloet 1988), so each 
fruit may have less flesh. However, because fruit was provided ad libitum and both 
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the trass and fruit consumption evaluations showed that the larvae did consume 
huckleberry pulp, it is possible that unfavorable compound/s play a role and result in 
larval antibiosis. 
In general, cranberry was both highly preferred and highly suitable for larval 
development. On the other hand, for cultivated blueberry, larvae developed at a level 
comparable to cranberry, but acceptance of blueberry was numerically lower in the 
small cage bioassays. This may be explained by the ‘patch dynamics hypothesis’ 
reviewed by Thompson (1988a), which states that geographic variation in host use 
may reflect geographic variation in the relative abundance of potential hosts. There 
is some evidence of differences in preferences between geographic populations of A. 
vaccinii. In southeastern Massachusetts, cultivated blueberry farms are not common 
and cranberry fruitworm populations are not considered a pest on this crop. On the 
other hand, cranberry is extensively cultivated and cranberry fruitworm is abundant 
on all beds in the area (Averill and Sylvia 1998). In other areas of the Northeast, 
where blueberry fields are common and cranberry beds are absent, fruitworm damage 
to crops may exceed 50% in the absence of control measures (Pritts and Hancock 
1992). Preference/performance studies of populations originating in these areas of 
abundant cultivated blueberry would provide an interesting companion study for this 
work. 
A mechanism that may be involved in geographical variation in adult 
preferences is adult experience on a host species (Jaenicke 1982, 1990, Prokopy et al. 
1982, Papaj 1986, Jallow and Zalucki 1995). Learning, following successive and 
successful egg-laying bouts on the same species, could lead to selection of the most 
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abundant host and rejection of other less abundant hosts, even if the rarer hosts were 
more suitable for offspring performance (Cunningham et al. 1999, 2001). 
Abundance, reliability, or quality of cultivated cranberry could also underlie 
A, vaccinii’s preference of this host over wild blueberry hosts. Starting in the 1800’s, 
when cranberry cultivation led to a landscape highly concentrated with cranberry 
bogs (Trehane 2004), it is possible that A. vaccinii expanded its host range from wild 
blueberry. Vander Kloet (1988) noted that blueberry flowers in early season and that 
frost may destroy many of the developing berries. Further, he found that berry 
production per plant and synchrony in ripening varies markedly among years. Taken 
together, populations of blueberry at a given habitat could be tremendously unreliable 
among years. 
In follow-up studies of this work, a number of improvements in methodology 
could be considered. First, cut uprights and branchlets were used in tests, instead of 
intact plants. As a result, the findings may not fully reflect the responses of females 
and larvae to the actual chemical and physiological properties of the plant species 
assayed. Second, female responses were evaluated inside cages, which could have 
biased the moths’ behavior, as could have foliage and fruit density or presentation of 
the host array. Third, the host material sometimes varied widely among replicates. 
The cultivars of V, corymbosum used in the experiment were not the same throughout 
all replications due to changing availability during the season. A more difficult 
problem to rectify is standardization of the wild blueberry material. Vaccinium 
augustifolium is polymorphic, and Vander Kloet (1988) reports that decisions to 
represent segments at an infraspecific level is debatable. Berry color can range from 
dull blue or black to shiny black and size can range from 2-12 mm diameter. The 
calyx may sometime be pubescent, but is typically glaucous or glabrous (Trehane 
2004). These are all traits that could influence A. vaccinii selection for oviposition 
Finally, in the broader scope, analyses of preference/performance done in the 
laboratory need to be followed by similar analyses done in the field where natural, 
e.g. abiotic variables (e.g., temperature, sunlight) or the presence of competitors, 
enemies, or mutualists (Atsatt 1981 a,b) may come into play (Thompson 1988a,b, 
Mayhew 1997). 
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Table 5.1. Cranberry fruitworm egg counts on different host plants in the laboratory 
and field cages under choice and no-choice conditions, 1997. 
Number of eggs (Mean + SE) 
Laboratory cage Field cage 
Host plants Choice No-choice Choice No-choice 
Cranberry 23.1 ± 11.4 a 
(0.94) 
76.8 + 32.3 a 
(1.59) 
13.3 ±5.2 a 
(0.78) 
46.7 + 12.8 a 
(1.41) 
Blueberry 
(Cultivated) 
3.7+ 1.8 ab 
(0.44) 
1.7+ 0.8 b 
(0.31) 
9.5 ±4.9 a 
(0.48) 
62.1 +24.7 a 
(1.44) 
Wild blueberry 1.2 ± 0.5 b 
(0.26) 
2.7+ 1.9 b 
(0.37) 
5.4+ 2.7 a 
(0.49) 
48.0 + 21.0 a 
(L15) 
Huckleberry 0.6+ 0.3 b 
(0.13) 
2.0+ 1.4 b 
(0.30) 
0.3 ± 0.2 b 
(0.07) 
6.3 ± 3.2 a 
(0.55) 
F 6.30 9.94 7.38 2.56 
df 3 3 3 3 
Error df 24 15 39 18 
P-value 0.003 <0.001 <0.001 0.09 
1. Values in parentheses are mean log (x+l)-transformed data. 
2. Means in a column followed by the same letter are not significantly different 
by Tukey’s (HSD) test (P < 0.05). 
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Table 5.2. Cranberry fruitworm larval performance in different host berries. In the 
1997 trials, the percent weight gained by the larvae as a ratio of initial body weight 
when larvae were provided berries for five days. In Trial 1, the larvae were starved 
and provided water before and after they were reared on the various host fruit. In 
Trial 2, larvae were not starved and provided water as above. 
1996 1997 
Percent weight gained 
Number of 
hibemacula1,2 
formed 
Trial 1 Trial 2 
Host plants (Mean ± SE) (Mean ± SE) (Mean + SE) 
Cranberries 25.5 + 7.3 a 
(12.4) 
32.8 + 10.7 94.9 ±14.0 
Blueberries 
(Cultivated) 
25.0+ 9.5 a 
(11-5) 
23.0 ±12.8 107.4 + 9.9 
Wild blueberries 10.0+ 1.8 a b 
(7.6) 
3.1 + 7.8 42.4+ 7.0 
Huckleberries 0.7+ 0.2 b 
(2.5) 
-16.1 ± 7.1 58.6 ± 10.9 
1. Means in a column followed by the same letter are not significantly different 
by Kruskal-Wallis test (P < 0.05). 
2. Data in parentheses are mean ranks (Kruskal-Wallis test). 
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Table 5.3. Correlation matrix to show relationship between cranberry fruitworm 
oviposition preference and the larval performance in various hosts. 
Lab. Choice 1997 Field Choice 1997 
r P-value r P-value 
No. of 
Hibemacula 
formed from 
eggs, 1996 
0.43 0.34 
ns 
0.93 0.03 
* 
Percent wt. 
gained by 
larvae, 
Trial 1, 1997 
0.58 0.24 
ns 
0.99 0.001 
* 
Percent wt. 
gained by 
larvae, 
Trial 2, 1997 
0.27 0.48 
ns 
0.53 0.27 
ns 
ns = not-significant, * = significant 
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